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This!project!takes!place!in!the!United!States,!more!specifically,!it!takes!place!in!the!city!of!Dallas!in!the!state!of!Texas.!However,!the!project!is!going!to!be!presented!in!Barcelona,! Spain.! It! is!well! known! that! there! are! differences! in! the! construction!methods!depending!on!the!country.!Therefore,!in!the!first!part!of!this!chapter!we!are!going!to!explain!which!are!the!biggest!differences!between!one!country!and!the!other!in!terms!of!construction!matters.!!
Differences$Spain:United$States$
• First! of! all,! the! unit! system,! in! Spain! everything! is! calculated! with!international!system.!On!the!other!hand,!in!the!United!States!everything!is!done!with! the! English! system.! This! project! is! calculated!with! the! English!system.! However,! in! order! to! make! it! more! understandable,! along! the!different! chapters! of! this! project,! next! to! every! number! in! the! English!system!there!is!the!equivalent!in!the!international!system.!At!the!end!of!this!chapter!we!provide!as!well! a! table!with! the!equivalence!between! the! two!systems!for!the!most!common!units.!!
• There! are! differences! between! Spain! and! United! States! in! terms! of! the!design.! In! the!United!States,! the!structural!designs!and!all! the!calculations!are! done! according! to! ASHTO.! On! the! other! hand! in! Spain! everything! is!done!according!to!the!EHE.$For!this!project!we!have!used!ASHTO.!
• There!are!as!well!some!differences! in!the!way!of!performing!construction.!For! instance! in! the! United! States! the! beams! are! always! precast! concrete!beams.!However!in!Spain!it!is!very!common!to!built!cast!in!place!bridges.!!
• In!terms!of! traffic!control! there!are!also!differences.!Regarding!the!streets!and! the! flow! of! traffic,! there! are! some! big! differences,! for! instance,! the!
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existence!of! the!ULturn.!The!ULturn! is!a! lane! that!enables! traffic! to!change!from!the!bound!you!are!driving!to!the!opposite!one.!It!is!not!very!common!in! Spain,! per! contra! it! is! very! frequent! in! the! United! States.! Another!difference! in! terms!of! the! flow!of! traffic! is! that! in! the!United!States!when!you!hit!a!red!light,!if!you!are!driving!on!the!right!lane,!you!are!able!to!make!the!turn!to!the!right,!yielding!to!the!traffic!you!are!incorporating!to.!!
• In!terms!of!the!budget,!in!Spain!the!budget!is!done!with!more!detail.!There!is!one!table!with!the!prices!of!the!general!items!known!as!cuadro$de$precios$
nº1$and!then!there!is!a!second!table!with!all!the!breakdown!of!the!different!items! known! as! cuadro$ de$ precios$ nº2.! On! the! other! hand! in! the! United!States!there!is!just!on!table!for!the!budget!with!the!prices!for!all!the!general!items.!There!is!not!a!detailed!breakdown!of!every!item.!Furthermore,!in!the!United!States,!in!spite!of!having!a!standardized!table!of!prices!like!in!Spain,!in!order!to!bid!for!a!project,!companies!price!their!items!as!they!feel!is!more!adequate.!!Although!for!this!project!we!could!have!easily!used!the!programs!used! in! Spain! in! order! to! obtain! the! cuadro$ de$ precio$ nº1$ and$ cuadro$ de$
precios$ nº2,$we! felt! it!was! not! adequate! since$ the! value! of! things! in! both!countries!are!different!and! there! is!also!a!difference! in! the!value!between!the!dollar!and!the!euro.!However,!despite!this!being!an!American!project,!in!the!budget!we!have!done!a!second! table!with! the!breakdowns! in!order! to!justify!the!prices.!!
• There! are! obviously! some! differences! in! terms! of! the! safety! and! quality!protocols! that! are! followed! in! Spain! and! in! the! United! States.! For! this!project!we!will! take! into!account! the!ones! that! apply! to! the!United!States!and!more!specifically!to!Texas.!!
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!
The$Area$DallasLFort!Worth,!also!known!as!the!Metroplex,! located!in!North!Texas! is!one!of!the! most! growing! areas! in! the! United! States.! In! fact,! it! is! the! fourth! biggest!metropolis!in!the!country,!only!surpassed!by!Los!Angeles,!New!York!and!Chicago.!During!the!12Lmonth!period!of!2009L2010!the!area!DallasLFort!Worth!was!gaining!over!3000!new!residents!every!week.!As!the!Metroplex!grow,!the!number!of!cars!grows! at! a! similar! pace,! and! therefore! bigger! highways! are! needed! to!accommodate!the!increasing!demand.!
!
!
!
!
!
!
!
!
!
!
!
Picture)1:)Overview)of)the)Metroplex)
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The$Project$The!Lyndon!B.!Johnson!(LBJ)!Highway!project!consists!on!improving!over!13!miles!of! the!existing!Interstate!635!(LBJ!Freeway)!and!the!existing!Interstate!35E.!This!project! was! awarded! by! the! Texas! Department! of! Transportation! (TxDot)! to!Ferrovial,! and! its! budget! is! about! 2.1! billion! dollars,! one! of! the! biggest! projects!ongoing! in! the!United!States.!More!particularly,! in! this!specific!project,!what! it! is!going!to!be!studied! in!detail! is!a!new!design!for!the!existing!Webb!Chappel!road.!Due!to!the!new!design!of!the!LBJ!Highway,!the!Webb!Chappel!Road!will!become!a!bridge.!The!construction!of!this!bridge!is!what!we!are!going!to!study!in!detail.!!
!
!
!
!
!
!
!
!
!
!
!
Picture)2:)Overview)of)the)LBJ)
Picture)3:)Location)of)Webb)Chapel)
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• Goals!for!the!Webb!Chapel!Bridge!
The!area!where!the!project!takes!places!is!one!of!the!most!congested!areas!in!the!Metroplex.!The!main!goal!of!this!project!is!to!improve!the!mobility.!In!the!pictures!below!we!can!see!the!existing!Webb!Chapel!road!running!perpendicular!and!under!the!existing!generalLpurpose!lanes!of!the!existing!highway.!The!LBJ!project!consists!on! rebuilding! the! frontage! roads,! the! generalLpurpose! lanes! on! top! of! the!Webb!Chapel!and!build!the!manage!lanes!under!it.!Therefore!as!stated!earlier!the!existing!Webb! Chapel! Road! is! going! to! be! transformed! into! a! bridge! in! order! to! let! the!manage! lanes! run!underneath! it.! The! construction! of! that! bridge! is!what!we! are!going!to!be!focused!on.!!
!
!
!
!
!
!
!
!
!
!
! Picture)4:)Aerial)picture)of)the)existing)Webb)Chapel)Road)
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!!
!
!
!
At!the!end!everybody!will!benefit!from!this!project!by!diminishing!their!delays!and!by!having!a!safer!traffic!flow.!!
!
Survey$On! a! construction! project,! survey! is! vital.! ! Surveyors! are! the! ones! capable! of!knowing! the! exact! points! where! everything! needs! to! be.! They! are! the! one! that!examine!thoroughly!in!the!field!every!work,!in!order!to!check!that!the!grades,!the!horizontal!and!vertical!alignments!are!what!is!necessary!according!to!the!design.!!
It! is! through! surveyors! that! the!most! accurate! quantities! in! terms!of! production!are! obtained.! They! have! measurements! from! before! and! after! the! works! and!therefore!they!can!come!up!with!the!most!accurate!quantities.!!
Prior!to!working!the!surveyors!need!to!have!several!points!called!stations!in!which!to! base! their! calculations.! The! company! Bohannan! and! Huston! was! the! one! in!charge! of! determining! the! points! all! along! the! project! that! will! be! used! by! the!surveyors.!
It! is! in!annex!2!of! this!project!where! it! is! explained! in!a!more!detailed!way!how!surveyors!work.!
Picture)5:)Typical)transverse)existing)section)
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Geotechnical$It! is! of! vital! importance! to! study!what! type!of! soil! is!present! in! the! construction!area.!Depending!on!the!type!of!soil,!there!will!be!one!design!more!suitable!than!the!other.!!
The!whole!geotechnical!study!of!the!entire!area!of!the!Lyndon!B.!Johnson!project!was!awarded!to!the!company!Terracon.!
According! to! the! results! obtained! by! Terracon,! in! the! area! of! the!Webb! Chapel!Bridge!there!are!clay!and!sand!deposits!that!extend!to!depths!of!about!55!feet.!Te!bearing!strata!for!our!drilled!shafts!is!gray!shale.!Sand!layers!are!present!at!depths!of!15!to!25!feet!below!the!existing!natural!ground!and!above!the!top!of!shale.!The!recommended! design! tops! of! shale! elevations! are! included! in! the! Annex! 3.1!provided!by!Terracon.!!
Study$of$Alternatives$A!very!important!of!this!project!is!to!study!different!possibilities!in!which!to!build!the!Webb!Chapel!Bridge.! In!the!annex!4!of! the!project,!we!will!consider!different!types!of!designs!for!the!bridge!and!decide!which!one!is!the!most!suitable.!We!will!discuss! a! lot! of! alternatives,! but! we! will! study! more! in! detail! five! different!scenarios.!These!scenarios!are:!
o Bridge!with!two!spans!and!closed!abutments!
o Bridge!with!two!spans!and!opened!abutments!
o Bridge!with!one!span!and!closed!abutments!
o Bridge!composed!of!three!spans!and!opened!abutments!
o Bridge!designed!with!four!spans!and!opened!abutments.!
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After! studying! each! scenario! thoroughly! it!will! be! proven! that! the!most! suitable!scenario! for! the! Webb! Chapel! Bridge! is! the! bridge! with! two! spans! and! closed!abutments.!!
!
!
!
!
!
Aesthetics$The!purpose!of!this!annex!nº5!will!be!to!determine!how!the!bridge!is!going!to!be!beautified!after!construction!is!finished.!In!the!United!States!the!aesthetic!rules!are!more! lax! than! is!Spain.!That! is!why!all! the! cities!are! so! spread!out!and!have!not!grown!in!an!orderly!way.!Being!that!said,!we!do!not!have!to!forget!that!this!project!takes!place! in! the!middle! of! the! city! of!Dallas.! Therefore! it! is! important! that! the!aesthetics! of! the!Webb! Chapel! Bridge! are! in! compliance!with! aesthetics! of!what!surrounds!it.!We!will!see!for!instance!that!the!Texas!Star!is!a!very!typical!aesthetic!detail!used!around!the!city.!!
!
!
!
Picture)6:)The)lone)star)
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Traffic$control$plan$As!explained!earlier,!the!area!of!the!city!of!Dallas!where!construction!takes!place!is!one! of! the! most! congested! in! the! Metroplex.! Needless! to! say,! traffic! cannot! be!eliminated.!The! traffic!control!plans,!are!designed! to!accommodate!all! the! traffic.!The! purpose! of! those! is! to! affect! traffic! as! less! as! possible! at! the! same! that!construction! takes! place.! It! goes! without! saying! that! if! the! construction! of! this!bridge!happened!to!take!place!in!an!area!with!no!traffic!at!all,!the!process!would!be!much! easier,! shorter! and! of! course! cheaper.! In! order! to! accommodate! traffic! as!better!as!possible,!the!construction!of!this!bridge!is!scheduled!in!four!stages.!The!bridge!will!be!built!in!one!phase.!However,!it!is!the!areas!where!the!bridge!ties!in!with!the!existing!roads!that!are!going!to!be!built!in!different!stages.!We!will!have!to!build! as! well! two! detours! in! order! to! redirect! traffic.! These! four! stages! will! be!explained!in!detail!in!the!Annex!nº6.!
Phases$of$construction$Probably! the!most! important! part! of! this! project! is! to! figure! out! how! the!Webb!Chapel!Bridge!is!going!to!be!built.!In!this!part!of!the!project,!we!will!develop!and!explain!with!detail!all!the!phases!that!the!construction!of!the!bridge!follows.!Let’s!an!overview!of!that!process:!
First!of!all!we!will!have!to!demolish!the!existing!road.!After!that!the!excavation!will!take!place.!Once!at!the!bottom,!the!construction!for!the!structure!of!the!bridge!will!start.!First!thing!will!be!the!drilled!shafts,!followed!by!the!drilled!shafts!extensions,!columns!and!the!caps.!The!retaining!walls!on!each!abutment!will!start!as!soon!as!the!drilled!shaft!extensions!are!poured.!When!the!retaining!walls!are!finished,!the!
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abutments!are!poured!and!after!that!beams!can!be!set.!All!the!works!related!with!the!deck!will!start!right!after.!First!things!will!be!the!overhangs,!the!precast!panels!and!the!permanent!metal!deck!forms.!Afterwards,!the!rebar!will!be!tied!and!then!the!deck!will!be!poured.!!
All!this!process!is!meticulously!explained!in!Annex!7,!there!are!also!some!pictures!from!a!similar!bridge!in!order!to!make!the!study!easier!to!follow.!!
!
Drainage$The!Webb!Chapel!Bridge!does!not!have!an!individual!design!for!the!drainage.!The!drainage!design!for!that!bridge!is!included!in!the!whole!Lyndon!B.!Johnson!project!design.!Therefore,! it! is!not!up!to!us!to!decide!how!is! it!going!to!be.!However,! the!general!drainage!design!calls!for!a!higher!point!in!the!middle!bent!of!the!bridge!for!the!North!to!South!direction!and!for!the!East!to!West!direction!as!well.!Thus!water!can!drain!away!from!the!road!and!towards!the!abutments.!
Illumination$and$Traffic$signals$Illumination!poles!will!be!set!along!the!medians!according!to!the!TxDot!standards.!Traffic!signals!will!be!installed!following!the!same!criteria!of!the!TxDot!standards.!
Environmental$The!goal!of!this!annex!is!to!explain!all!the!environmental!measures!that!need!to!be!taken! in! order! to! impact! the! environment! as! little! as! possible.! Construction!activities!are!very!often!dangerous! to! the!environment!and!therefore!we!need!to!
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do!our!best!thinking!ahead!of!time!in!order!to!protect!it.!The!most!important!issue!is! to! be! in! compliance! at! all! times!with! SW3P! protocol.! SW3P! stands! for! storm!water!pollution!prevention!plan.!We!will!explain!thoroughly!what!needs!to!be!done!in!order!to!proceed!adequately!with!that!protocol!in!Annex!8.!Other!concerns!such!as!encountering!wildlife!or!hazardous!materials!will!also!be!discussed.!!
!
Structural$analysis$The!purpose!of!this!annex!is!to!find!the!right!design!for!the!different!parts!of!the!structure!of! the!Webb!Chapel!Bridge.!On!a!bridge! forces!are!applied! from! top! to!bottom,!therefore!we!will!start!doing!the!calculations!from!top!to!bottom!as!well.!In! order! to! calculate! the! different! structural! designs!we! have! used! the! AASHTO!Specifications,! the! program! PGSuper! as! well! as! many! of! the! TxDot! standards.!Calculations!are!meticulously!explained!in!Annex!9.!
Retaining$Walls$As!mentioned!in!the!annex!above!where!the!phases!of!construction!are!explained,!we!need!to!build!two!retaining!walls,!one!on!each!abutment.!In!the!area!of!North!Texas,! the! company! Reinforced! Earth! is! the! one! providing! the!materials! for! the!walls.!The!materials! they!are!providing! for! the! retaining!walls! are!panels,! straps!and! geotextile.! Reinforced! earth! designs! these! materials! according! to! the!characteristics!of!each!wall.!They!basically!make!the!whole!design!for!the!reatining!wall! and! provide! with! the! drawings! as! well.! It! is! not! possible! to! change! their!design.! The!wall!must! be! built! as! their! design! says.! Otherwise,! if! the!wall! is! not!
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built! as! they! say,! they! will! not! provide! us! with! the! materials.! They! follow! this!policy! in!order! to!cover! their!back!regarding! liability! issues.!Therefore,!drawings!for!the!retaining!walls!from!Reinforced!Earth!are!attached!in!Document!2.!!
Schedule$Every!day! in! construction!problems!appear!and!delay!whatever!was!planned! for!that!day.!It!never!goes!as!expected.!However,!it!is!very!important!in!a!construction!project!to!have!a!schedule!and!to!try!to!meet!the!different!milestones.!Otherwise!it!is!very!difficult!to!keep!track!of!the!production!rates.!We!have!divided!the!activities!in! five! different! groups.! The! first! group! is! for! the! activities! related! with! the!demolition! of! the! existing! road.! The! second! one! is! where! the! activities! of! the!excavation! are.! The! MSE! wall! works! are! in! the! third! group.! All! the! activities!regarding!the!structures!of!the!bridge!are!in!the!fourth!group.!The!fifth!group!is!for!the! activities! regarding! asphalt! and! traffic! signals.! According! to! the! detailed!schedule!provided!in!Annex!10!we!will!start!the!bridge!on!June!23rd!and!finish!by!December! 12th.! Spending! eight! days! on! the! demolition,! fortyLnine! days! for! the!excavation,!nineteen!days!on! the!works!related! to! the!retaining!walls,!a!hundred!and! six! days! for! all! the! activities! concerning! the! structure! and! six! days! to! lay!asphalt! and! install! all! the! illumination! and! traffic! signals! needed.! A! detailed!schedule!is!provided!in!Annex!10.1.!
!
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Quality$program$The! quality! program! is! very! important! in! a! construction! project.! The! quality!department! is! the!one! in! charge!of! supervising! that! the! job! that! is!being!done! is!being! performed! in! the! right! way! according! to! the! design! and! specification.!Furthermore,!they!are!also!in!charge!of!checking!that!all!the!materials!being!used!are! in! compliance! with! TxDot! standards! and! the! design.! There! are! many!procedures! that! need! to! be! followed! on! a! daily! basis! according! to! the! quality!protocol.! All! the! different! testing! and! all! the! multiple! criteria! that! the! material!needs!to!pass!in!order!to!be!used!in!this!project!are!explained!in!Annex!11.!
Safety$The!safety!program!that!applies!for!the!construction!of!the!Webb!Chapel!Bridge!is!the!same!that!is!used!in!the!whole!Lyndon!B.!Johnson!Freeway.!The!LBJ!project!has!its!own!safety!measures,!which!are!stricter!than!the!OSHA!regulation.!OSHA!stands!for!Occupational!Safety!&!Health!Administrators,!which!is!an!agency!of!the!United!States! department! of! labor.! In! every! construction! project,! the! OSHA! regulations!need! to!be! satisfied! at! all!moments.!There! are!many!procedures! that!need! to!be!followed!in!order!to!be!in!compliance!with!safety!protocol!at!all!moment.!Safety!is!a!major! concern! for! the! project,! therefore! any! time!workers! in! the! field! are! not!meeting! the! safety! requirements,! a! safety! inspector!will!have! to! shut!down! their!operations.!!
!
!
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$Budget$The!purpose!of! this!chapter! is! to!calculate! the!budget! for! the!construction!of! the!Webb! Chapel! Bridge.! In! other! words,! know! how! much! the! construction! of! this!bridge! is!going! to! cost.!As!explained!earlier,! in!order! to!have!a!budget! similar! to!how!it!would!be!in!a!Spanish!project!we!have!two!tables!that!show!the!budget!for!the! bridge.! On! the! first! table!we! have! the! prices! for! the! different! general! items!specified! in! the! TxDot! specifications.! On! the! second! table!we! have! done! a!more!detailed!breakdown!of!the!items!in!order!to!justify!the!prices.!The!prices!that!have!been! used! are! an! average! from! the! latest! biddings! in! the! state! of! Texas.! The!construction!of! this!bridge! is!not!going! to!be!self!performed,! it!will!be!built!by!a!subcontractor.!Therefore,!prices!we!will!have!in!our!budget!will!for!sure!not!be!the!ones!we!pay!to!the!subcontractor.!The!first!thing!we!need!in!order!to!do!the!budget!is! the! quantities! of! all! the! different! operations! that! need! to! happen! in! order! to!build! the! bridge.! In! Annex! 12! before! the! two! tables! for! the! budget,! there! is! a!detailed!take!off!of!all!the!quantities.!
!
Drawings$&$Standards$In! order! to! obtain! detailed! drawings! for! the! construction! of! the! Webb! Chapel!Bridge,!a!CAD!Technician!helped!us!design!the!drawings! that!are! in!Document!2.!!We! had! to! work! on! some! preliminary! drawings! for! the! different! alternatives!discussed! in!Annex!4.!Those!preliminary!drawings!helped!us!to!determine!which!was!the!best!design.!Once!the!final!design!was!decided!we!started!working!on!the!final!drawings.!
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As!stated!earlier,!many!of!the!TxDot!standard!were!used!to!design!the!new!Webb!Chapel!Bridge.!These!Standards!can!also!be!found!in!Document!2.!!
Specifications$In! order! to! design! the! new! Webb! Chapel! Bridge,! the! AASHTO! and! the! TxDot!specifications!have!been!used.!The!articles!that!concern!us!for!the!construction!of!the!bridge!are!in!Document!3.!
Conversion$chart$!!!!!!!!!!!!!!!!
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The	  Area	  
Dallas-­‐Fort	  Worth,	  also	  known	  as	  the	  Metroplex,	   located	  in	  North	  Texas	   is	  one	  of	  the	   most	   growing	   areas	   in	   the	   United	   States.	   In	   fact,	   it	   is	   the	   fourth	   biggest	  metropolis	  in	  the	  country,	  only	  surpassed	  by	  Los	  Angeles,	  New	  York	  and	  Chicago.	  In	  the	  2011	  official	  estimate	  census,	  over	  six	  and	  half	  million	  people	  were	  living	  in	  the	   Metroplex.	   During	   the	   12-­‐month	   period	   of	   2009-­‐2010	   the	   area	   Dallas-­‐Fort	  Worth	  was	  gaining	  over	  3000	  new	  residents	  every	  week.	  In	  terms	  of	  racial	  make	  up,	  50.2%	  is	  European	  American,	  15.4%	  African	  American,	  0.6%	  Native	  American,	  5.9%	  Asian,	  0,1%	  Pacific	  Islander,	  12.4%	  Other	  Races,	  27.5%	  Latino	  or	  Hispanic.	  
As	   the	  Metroplex	  grow,	   the	  number	  of	   cars	  grow	  at	  a	   similar	  pace.	  Furthermore,	  the	  Texan	  culture	  doesn’t	  believe	  in	  public	  transportation,	  the	  car	  is	  vital	  to	  survive	  in	  Dallas-­‐Fort	  Worth.	   In	  order	  to	  satisfy	  all	   the	   increasing	  demand	  related	  to	  this	  new	  traffic,	  the	  infrastructure	  in	  the	  area	  need	  to	  improve.	  	  
	  
The	  Project	  
The	  Lyndon	  B.	  Johnson	  (LBJ)	  Highway	  project	  consists	  on	  improving	  over	  13	  miles	  of	   the	  existing	  Interstate	  635	  (LBJ	  Freeway)	  and	  the	  existing	  Interstate	  35E.	  This	  project	   was	   awarded	   by	   the	   Texas	   Department	   of	   Transportation	   (TxDot)	   to	  Ferrovial,	   and	   its	   budget	   is	   about	   2.1	   billion	   dollars,	   one	   of	   the	   biggest	   projects	  ongoing	   in	   the	   United	   States.	   The	   improvements	   consist	   on	   rebuilding	   and	  increasing	  the	  capacity	  of	  the	  existing	  general-­‐purpose	  lanes	  and	  existing	  frontage	  roads	  and	  adding	  toll-­‐managed	  lanes.	  It	  is	  a	  design	  and	  built	  project,	  in	  which	  the	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company	  provides	  all	  the	  money	  for	  the	  construction	  and	  has	  after	  that	  52	  years	  of	  concession	  to	  obtain	  all	   the	  benefits.	  The	  majority	  of	   the	  benefits	  will	  come	  from	  the	  managed	  lanes	  in	  which	  tolls	  are	  paid.	  The	  prices	  paid	  in	  the	  tolls	  depend	  on	  a	  supply	  demand	  relation.	  	  
More	  particularly,	  in	  this	  specific	  project,	  what	  it	  is	  going	  to	  be	  studied	  in	  detail	  is	  a	  new	  design	  for	  the	  existing	  Webb	  Chappel	  road.	  Due	  to	  the	  new	  design	  of	  the	  LBJ	  Highway,	   the	  Webb	  Chappel	  Road	  will	   become	  a	   bridge.	   The	   construction	  of	   the	  Webb	  Chappel	  Road	  Bridge	  is	  what	  we	  are	  going	  to	  be	  focused	  on.	  	  
	  
Picture	  1:	  The	  LBJ	  Project	  overview	  	  
	  
Picture	  2:	  Webb	  Chapel	  road	  location	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Goals	  And	  Constraints	  
• 	  The	  main	  goal	  of	   this	  project	   is	   to	   improve	  the	  mobility.	  Therefore,	  at	   the	  end	   everybody	   will	   benefit	   from	   this	   project	   by	   diminishing	   their	   delays	  and	  by	  having	  a	  safer	  traffic	  flow.	  	  
• The	  area	  where	  the	  project	  takes	  places	  is	  one	  of	  the	  most	  congested	  areas	  in	   the	   Metroplex.	   Therefore,	   it	   is	   going	   to	   be	   very	   difficult	   to	   coordinate	  construction	   in	   order	   to	   affect	   as	   little	   as	   possible	   to	   the	   existing	   traffic.	  Moreover,	   as	   this	  project	   takes	  place	   in	   the	   city	  of	  Dallas,	   residences,	   and	  small	   and	   big	   businesses	   surround	   the	   construction	   site.	   Hence,	   space	   is	  very	   tied	   which	   makes	   construction	   even	   harder.	   Some	   businesses	   or	  residences	  that	  might	  be	  close	  to	  the	  job	  site	  might	  be	  negotiated	  with	  the	  owner	   in	  order	  to	  reach	  an	  agreement	  so	  that	  material	  of	  any	  kind	  can	  be	  stock	  piled.	  	  
• The	   right	   of	   way	   of	   construction	   needs	   to	   be	   big	   enough	   so	   that	  construction	   can	   progress	   but	   at	   the	   same	   time	   it	   needs	   to	   affect	   traffic,	  businesses	  and	  residences	  as	  little	  as	  possible.	  	  
	  
	  
	  
	  
	  
	  
Picture	  3:	  Location	  of	  the	  Medical	  Center	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As	  it	  is	  shown	  in	  the	  picture	  above,	  the	  Dallas	  medical	  center	  is	  very	  close	  to	  the	  construction	  site.	  This	   is	  a	  constraint,	  because	   the	  right	  of	  way	   in	   that	  area	  is	  non	  negotiable.	  Furthermore,	  due	  to	  all	  the	  emergencies	  going	  to	  the	  hospital,	  traffic	  in	  that	  area	  needs	  to	  be	  fluent	  at	  all	  times.	  A	  lot	  of	  times,	  a	  detour	  will	  need	  to	  be	  set	  in	  place	  in	  order	  to	  satisfy	  the	  necessities	  of	  the	  Medical	   Center.	   During	   rush	   hours,	   police	   officers	   will	   be	   flagging	   the	  intersections	  in	  that	  area	  in	  order	  to	  prioritize	  traffic	  going	  to	  the	  hospital.	  We	  might	  get	  in	  big	  problems	  if	  the	  Medical	  Center	  complaints	  to	  the	  Texas	  Department	  of	  Transportation	  about	  any	  issue	  related	  with	  the	  project.	  
• 	  As	   stated	   earlier,	   the	   existing	  Webb	   Chapel	   road	   is	   in	   conflict	   with	   new	  design	   for	   the	  LBJ	  highway	  and	  we	  are	   going	   to	  be	   focused	  on	   fixing	   that	  conflict.	  	  As	  we	  can	  see	  in	  the	  pictures	  below,	  the	  existing	  Webb	  Chapel	  road	  consists	   of	   four	   lanes	   per	   bound	   that	   run	   perpendicular	   to	   the	   interstate	  635.	   Prior	   to	   construction,	   the	   LBJ	   was	   a	   freeway	   with	   general-­‐purpose	  lanes	   and	   frontage	   roads.	   The	   general-­‐purpose	   lanes	   run	   above	   and	  perpendicular	  to	  the	  Webb	  Chappel	  road	  and	  the	  frontage	  roads	  or	  service	  roads	  run	  as	  well	  perpendicular	  to	  Webb	  Chappel.	  
	  
Picture	  4:	  typical	  transverse	  section	  of	  the	  existing	  road	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The	   design	   from	   the	   existing	   Webb	   Chappel	   road	   shown	   in	   the	   pictures	  above	  is	  obsolete	  if	  the	  new	  design	  of	  the	  LBJ	  project	  is	  taken	  into	  account.	  	  With	  the	  new	  design	  of	  the	  Lyndon	  B.	  Johnson	  Highway,	  the	  new	  toll	  lanes	  (or	  managed	   lanes)	  will	   run	  underneath	   the	  existing	  Webb	  Chappel	  Road.	  Therefore	  a	  new	  design	   for	  a	  bridge	  needs	   to	  be	  studied.	  This	  new	  design	  
Picture	  6:	  Aerial	  picture	  of	  the	  existing	  Webb	  Chapel	  road	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for	   this	   specific	   bridge	   is	  what	   it	   is	   going	   to	   be	   studied	   in	   this	   project	   in	  order	  to	  solve	  the	  conflict.	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Introduction	   	  On	   a	   construction	   project,	   survey	   is	   vital.	   	   Surveyors	   are	   the	   ones	   capable	   of	  knowing	   the	   exact	   points	  where	   everything	   needs	   to	   be.	   They	   are	   the	   ones	   that	  examine	  thoroughly	  in	  the	  field	  every	  work,	  in	  order	  to	  check	  that	  the	  grades,	  the	  horizontal	  and	  vertical	  alignments	  are	  what	  is	  necessary	  according	  to	  the	  design.	  	  
Surveyors	   are	   the	   ones	   that	   can	   keep	   track	   of	   all	   the	   quantities	   in	   terms	   of	  production.	   They	   have	   measurements	   from	   before	   and	   after	   the	   works	   and	  therefore	  they	  can	  come	  up	  with	  the	  most	  accurate	  production	  quantities.	  	  
In	  order	  to	  work	  properly,	  the	  surveyors	  need	  to	  have	  points	  in	  the	  field	  in	  which	  to	   base	   all	   their	   measurements.	   Therefore,	   before	   starting	   any	   kind	   of	   activity,	  these	  points	  or	  stations	  need	  to	  be	  determined.	  	  
The	   company	  Bohannan	  And	  Huston	   (BHI)	  was	   awarded	   the	   job	   of	   determining	  these	  points	  in	  the	  field	  that	  will	  enable	  surveyors	  to	  work	  once	  construction	  has	  started.	  In	  order	  to	  determine	  these	  points,	  what	  Bohannan	  and	  Huston	  need	  to	  do	  first	  is	  to	  choose	  four	  geodetic	  control	  stations.	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Geodetic	  Stations	  	  
The	  geodetic	  stations	  are	  fixed	  points	  on	  the	  earth	  surface	  that	  are	  used	  to	  obtain	  survey	  information	  from	  the	  territory.	  In	  Texas	  many	  of	  these	  points	  are	  operated	  by	  the	  Texas	  Department	  of	  Transportation.	  
	  
	  
	  
	  
	  
Once	  four	  of	  the	  existing	  geodetic	  stations	  have	  been	  chosen,	  it	  is	  time	  to	  obtain	  the	  first	  survey	  stations.	  Survey	  stations	  will	  exclusively	  be	  for	  the	  use	  of	  the	  project.	  The	  method	   BHI	   uses	   to	   obtain	   these	   new	   survey	   stations	   for	   the	   project	   is	   by	  triangulation.	  	  
The	  four	  geodetic	  points	  chosen	  are:	  
	  
STATION	   PID	   Operator	   Receiver	  Type	  
TXSG	  (ARP)	   DH7149	   TxDOT	   Trimble	  NetRS	  
TXDA	  (ARP)	   DF8984	   TxDOT	   Leica	  
TXCO	  (ARP)	   DF8982	   TxDOT	   Leica	  
TXDE	  (ARP)	   DF8986	   TxDOT	   Leica	  
Picture	  1:	  Example	  of	  a	  geodetic	  station	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They	  need	  to	  make	  sure,	  that	  from	  these	  four	  geodetic	  stations	  they	  have	  chosen,	  they	   are	   going	   to	   be	   able	   to	   create	   new	   survey	   stations	  well	   spread	   around	   the	  project	  in	  order	  to	  cover	  all	  the	  right	  of	  way.	  
Primary	  control	  points	  	  
From	  these	   four	  points,	  by	  using	  triangulation,	  BHI	  obtains	  twelve	  points	  around	  the	  area	  of	  the	  project.	  	  
	  
	  
	  	  	  	  	  	  	  
	  
	  
	  
	  
	  
	  
Picture	  2:	  Triangulation	  exercise	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The	  twelve	  points	  that	  are	  obtained	  from	  the	  triangulation	  are	  the	  following	  ones:	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
It	   can	   be	   seen	   that	   these	   twelve	   points	   are	   well	   spread	   around	   the	   project.	  Therefore,	  this	  means	  that	  the	  four	  geodetic	  points	  were	  well	  chosen.	  These	  twelve	  points	  are	  called	  Primary	  control	  points.	  
Secondary	  control	  points	  	  
The	  triangulation	   is	  done	  one	  more	  time.	  However,	   this	  time	  the	  primary	  control	  points	   are	   the	   ones	   used	   for	   the	   triangulation	   exercise.	   The	   results	   from	   this	  triangulation	   are	   the	   secondary	   control	   points.	   Fifty-­‐nine	   secondary	   points	   are	  obtained.	  With	  these	  fifty-­‐nine	  survey	  stations,	  all	  the	  area	  of	  the	  project	  is	  covered	  and	  surveyors	  can	  work	  adequately.	  	  
Picture	  3:	  Primary	  control	  points	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From	  those	  secondary	  control	  points,	  only	  three	  of	  them	  will	  be	  sufficient	  for	  the	  surveyors	  to	  cover	  the	  area	  of	  the	  Webb	  Chapel	  Bridge.	  
These	  three	  points	  and	  its	  characteristics	  are	  attached	  in	  the	  Annex.	  2.1	  
The	   twelve	   primary	   control	   points	   and	   its	   characteristics	   are	   attached	   in	   the	  Annex.	  2.2	  
	  
Point Information Disclaimer: This data has been supplied by state statute. No expressed or implied warranties are made by 
TxDOT for the accuracy, completeness, reliability, usability, or suitability of the point data. The department assumes no 
responsibility for incorrect results or damages resulting from the use of data.  
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Geodetic Control Station  
 
Highway:   IH635 
  
MLA Project No.:  10082  
  
Station Name: 104 
  
County:    Dallas, TX  
 
TxDOT Quality Level:  3 
 
  
Established By: Marshall Lancaster & 
Associates, Inc. 
Date Established: 4-20-2011 
Inter visible Stations:  N/A 
 
Units of Measure:  US survey foot 
  
Survey Method Hor.: GPSOBS  
Survey Method Vert.:  GPSOBS   
Surveyed From:   Bohannan Huston, 
Inc. Level 2 Project Control Points 1 thru 12. 
  
Horizontal Datum:  NAD 1983 (Conus)  
Horizontal Adj.:   1993  
Projection Zone:   Texas North Central 4202 
  
Vertical Datum:  NAVD88 
Vertical Adjustment:  1988 
Geoid Model Used:  GEOID09 (Conus) 
  
Mark Logo:   N/A NGS PID (If applic.):  N/A  
Coordinate values contained on this data sheet are surface values scaled from the origin using the assigned TXDOT scale factor for 
the Dallas district, 1.000136506. 
Stamping:   104  Northing:    7019504.293 
Condition:  Good  Easting:    2467358.497 
Marker:  2” diameter brass disk in concrete Elevation:    504.86 
Stability:   C TXDOT Scale Factor:  1.000136506  
Latitude:  N32°54'42.79838" Elevation Factor:   0.9999800749 
Longitude:  W96°52'31.44493" Combined Factor:   0.9998556579 
Ellipsoid Height:   417.365 Convergence:    0°53'10" 
To Reach Description  
2” brass disk in concrete found on the south side of eastbound IH635 service road, 5’ south of the edge 
of pavement, 685’ west of the centerline of Webb Chapel Road.  
 
I, Marshall Lancaster, Registered Professional Land Surveyor No. 4873, do hereby certify that this 
Control Station sheet was prepared by me or under my direct supervision based on an actual survey on 
the ground. 
 
 
 
 
 
 
___________________________________ 
Marshall Lancaster 
Registered Professional Land Surveyor No. 4873                    
 
                                                                                                              
Point Information Disclaimer: This data has been supplied by state statute. No expressed or implied warranties are made by
TxDOT for the accuracy, completeness, reliability, usability, or suitability of the point data. The department assumes no
responsibilityforincorrectresultsordamagesresultingfromtheuseofdata. 
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Point Information Disclaimer: This data has been supplied by state statute. No expressed or implied warranties are made by 
TxDOT for the accuracy, completeness, reliability, usability, or suitability of the point data. The department assumes no 
responsibility for incorrect results or damages resulting from the use of data.  
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Geodetic Control Station  
 
Highway:   IH635 
  
MLA Project No.:  10082  
  
Station Name: 105 
  
County:    Dallas, TX  
 
TxDOT Quality Level:  3 
 
  
Established By: Marshall Lancaster & 
Associates, Inc. 
Date Established: 4-20-2011 
Inter visible Stations:  N/A 
 
Units of Measure:  US survey foot 
  
Survey Method Hor.: GPSOBS  
Survey Method Vert.:  GPSOBS   
Surveyed From:   Bohannan Huston, 
Inc. Level 2 Project Control Points 1 thru 12. 
  
Horizontal Datum:  NAD 1983 (Conus)  
Horizontal Adj.:   1993  
Projection Zone:   Texas North Central 4202 
  
Vertical Datum:  NAVD88 
Vertical Adjustment:  1988 
Geoid Model Used:  GEOID09 (Conus) 
  
Mark Logo:   N/A NGS PID (If applic.):  N/A  
Coordinate values contained on this data sheet are surface values scaled from the origin using the assigned TXDOT scale factor for 
the Dallas district, 1.000136506. 
Stamping:   105  Northing:    7019620.758 
Condition:  Good  Easting:    2467832.710 
Marker:  2” diameter brass disk in concrete Elevation:    506.25 
Stability:   C TXDOT Scale Factor:  1.000136506  
Latitude:  N32°54'43.87795" Elevation Factor:   0.9999800080 
Longitude:  W96°52'25.86206" Combined Factor:   0.9998555783 
Ellipsoid Height:   418.766 Convergence:    0°53'13" 
To Reach Description  
2” brass disk in concrete found on the south side of eastbound IH635 service road, 15’ south of the edge 
of pavement, 200’ west of the centerline of Webb Chapel Road.  
 
I, Marshall Lancaster, Registered Professional Land Surveyor No. 4873, do hereby certify that this 
Control Station sheet was prepared by me or under my direct supervision based on an actual survey on 
the ground. 
 
 
 
 
 
 
___________________________________ 
Marshall Lancaster 
Registered Professional Land Surveyor No. 4873                    
 
                                                                                                              
Point Information Disclaimer: This data has been supplied by state statute. No expressed or implied warranties are made by 
TxDOT for the accuracy, completeness, reliability, usability, or suitability of the point data. The department assumes no 
responsibility for incorrect results or damages resulting from the use of data.  
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Geodetic Control Station 
 
Highway:    IH635 
MLA Project No.: 10082 
  
Station Name: 105 
 
Station Monument Image  
 
Station Location Image  
 
 
Point Information Disclaimer: This data has been supplied by state statute. No expressed or implied warranties are made by 
TxDOT for the accuracy, completeness, reliability, usability, or suitability of the point data. The department assumes no 
responsibility for incorrect results or damages resulting from the use of data.  
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Geodetic Control Station  
 
Highway:   IH635 
  
MLA Project No.:  10082  
  
Station Name: 106 
  
County:    Dallas, TX  
 
TxDOT Quality Level:  3 
 
  
Established By: Marshall Lancaster & 
Associates, Inc. 
Date Established: 4-20-2011 
Inter visible Stations:  N/A 
 
Units of Measure:  US survey foot 
  
Survey Method Hor.: GPSOBS  
Survey Method Vert.:  GPSOBS   
Surveyed From:   Bohannan Huston, 
Inc. Level 2 Project Control Points 1 thru 12. 
  
Horizontal Datum:  NAD 1983 (Conus)  
Horizontal Adj.:   1993  
Projection Zone:   Texas North Central 4202 
  
Vertical Datum:  NAVD88 
Vertical Adjustment:  1988 
Geoid Model Used:  GEOID09 (Conus) 
  
Mark Logo:   N/A NGS PID (If applic.):  N/A  
Coordinate values contained on this data sheet are surface values scaled from the origin using the assigned TXDOT scale factor for 
the Dallas district, 1.000136506. 
Stamping:   106  Northing:    7020325.281 
Condition:  Good  Easting:    2469722.912 
Marker:  2” diameter brass disk in concrete Elevation:    514.99 
Stability:   C TXDOT Scale Factor:  1.000136506  
Latitude:  N32°54'50.55761" Elevation Factor:   0.9999795933 
Longitude:  W96°52'03.56471" Combined Factor:   0.9998550858 
Ellipsoid Height:   427.455 Convergence:    0°53'25" 
To Reach Description  
2” brass disk in concrete found on the south side of IH635, 45’ south of the edge of pavement of IH635, 
980’ west of the Cromwell Drive.  
 
I, Marshall Lancaster, Registered Professional Land Surveyor No. 4873, do hereby certify that this 
Control Station sheet was prepared by me or under my direct supervision based on an actual survey on 
the ground. 
 
 
 
 
 
 
___________________________________ 
Marshall Lancaster 
Registered Professional Land Surveyor No. 4873                    
 
                                                                                                              
Point Information Disclaimer: This data has been supplied by state statute. No expressed or implied warranties are made by 
TxDOT for the accuracy, completeness, reliability, usability, or suitability of the point data. The department assumes no 
responsibility for incorrect results or damages resulting from the use of data.  
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Geodetic Control Station 
 
Highway:    IH635 
MLA Project No.: 10082 
  
Station Name: 106 
 
Station Monument Image  
 
Station Location Image  
 
  
 
 
IH 635 Managed Lanes GNSS Static Network Control Survey 
Technical Report 
Bohannan Huston, Inc. (BH) was charged with performing a post processed static control 
network control survey conforming  to  the  Texas  Department  of  Transportation’s (TxDOT) Level 
2 Standards. 
 Level 2 Requirements BHI Static Survey 
Minimum Number of Closest Direct 
CORS Ties 
1 3 
Minimum of Total FBN/CBN/CORS 
Station Ties 
3 4 
Minimum Number of Horizontal 
Station Ties 
3 4 
Minimum Number of Vertical Ties 4 4 
Minimum Number of Occupations 
Per Station 
2 2 
Minimum Number of Repeat 
Baselines  (%  of  all  BL’s) 
30% >30% 
Time Offset Between Observations 2hrs >2 hrs 
Minimum Satellite Elevation Mask 13 Degrees 15 Degrees 
Minimum Number of Quadrants for 
H Station Ties 
3 4 
Minimum Number of Quadrants for 
V Station Ties 
4 4* 
Type of Ephemeris Required Rapid or Precise Rapid and Precise 
*TXSG was used in the initial adjustment, but was found to be introducing anomalous and inconsistent vertical 
differences and was consequently not used in the fully constrained adjustment. 
The project static control network solely referenced the  National  Geodetic  Survey’s  (NGS)  
system of Continuously Operating Reference Stations (CORS) to obtain horizontal and vertical 
positions for twelve (12) Primary Control monuments.  The survey was conducted utilizing two 
(2) Trimble R8 GNSS receivers and two (2) Trimble 5800 units.  Observations occurred between 
November 16, 2010 and December 2, 2010.  Observations were made using a fixed-height two 
(2) meter rod.  Session lengths were nominally one (1) hour in length.   Pre-observation 
planning was performed and a master session plan was developed.  Field session sheets were 
also provided to log observation data for each occupation. 
The control network utilized the following CORS stations as shown in the following table: 
Station PID Operator Receiver Type 
TXSG (ARP) DH7149 TxDOT  Trimble NetRS 
TXDA (ARP) DF8984 TxDOT Leica SR530 
TXCO (ARP) DF8982 TxDOT Leica SR530 
TXDE (ARP) DF8986 TxDOT Leica SR530 
 
See attached Network Diagram. 
The data was post processed using Trimble Geomatics Office software version 1.63.  The 
baselines post processed well and needed minimal session editing to obtain accurate and 
acceptable results.  A Loop Closure Report was run with a minimal number of failed observation 
results. 
Both a minimally constrained and fully constrained network adjustment were performed.  The 
CORS Station TXDA was held for the minimally constrained network adjustment.  All other 
stations conformed and agreed with each other, although a vertical anomaly was noted with 
reference station TXSG. A determination was made to exclude the vertical component from 
reference station TXSG in the fully constrained network adjustment.  GEOID 03 was utilized to 
convert the ellipsoidal heights to their orthometric heights.  An attempt to utilize CORS station 
ZFW1 was unsuccessful due to unacceptable baseline data.  The following tables show the 
positional differences from the adjusted network values as they relate to the published values. 
Station Latitude (Min. Con.)  NGS Lat. Δ  Lat  (Min-NGS) 
TXCO 33°09'54.92707"N 33°09'54.92706"N +0.00001" 
TXDA 32°47'59.92727"N 32°47'59.92727"N 0.00000" 
TXDE 33°12'37.61264"N 33°12'37.61290"N -0.00026" 
TXSG 32°51'20.55598"N 32°51'20.55620"N -0.00022" 
 
Station Longitude (Min. Con.) NGS Longitude Δ  Long  (Min-NGS) 
TXCO 96°37'40.57215"W 96°37'40.57169"W +0.00046" 
TXDA 96°40'22.45388"W 96°40'22.45388"W 0.00000" 
TXDE 97°09'45.97073"W 97°09'45.97082"W 0.00009" 
TXSG 97°20'38.98487"W 97°20'38.98483"W 0.00004" 
 
Station Ellipsoid Height (Min.Con.) NGS Ellipsoid Height  Δ  Height  (Min-NGS) 
TXCO 535.138 535.081 +0.057 
TXDA 531.190 531.189 +0.001 (rounding) 
TXDE 590.493 590.481 +0.012 
TXSG 600.026 599.868 +0.158 
BOLD = Fixed in minimally constrained adjustment 
 
A detailed log of the post processing and survey results can be found in the attached files and 
reports.  These files include: 
 Loop Closure report 
 Minimal Constrained Network Adjustment Report 
 Fully Constrained Network Adjustment Report 
 Bohannan Huston, Inc. Final Values Report 
 Coordinate System Details 
 Session Sheets 
 
0°00'00"
Plot Scale: 1" to 33333 ft
Printed on 12/10/2010, at 9:54:03 AM
Printed from Trimble Geomatics Office
Site: Not selected, System: US State Plane 1983
Zone: Texas North Central 4202, Datum: NAD 1983 (Conus)
Project: IH 635 Static Master
IH 635 Static Network Diagram
Field surveyor:
SRVDAL
Computer operator:
T. Solinski
Reference:
62500 sft0
Scale 1" to 33333 ft
US survey feet
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Geotechnical	  Data	  	  
Terracon,	  a	  geotechnical	   laboratory	  was	  awarded	  with	  all	   the	  geotechnical	  works	  needed	  to	  perform	  construction.	  	  
All	  the	  results	  geotechnical	  report	  regarding	  the	  Webb	  Chapel	  Bridge	  are	  in	  Annex	  3.1.	  
It	   is	   of	   vital	   importance	   to	   study	   what	   type	   of	   soil	   is	   present	   in	   the	   construction	   area.	  Depending	  on	  the	  type	  of	  soil,	  there	  will	  be	  one	  design	  more	  suitable	  than	  the	  other.	  What	  is	   mostly	   going	   to	   vary	   depending	   on	   the	   kind	   of	   soil	   encountered	   is	   the	   design	   of	   the	  drilled	  shafts	  in	  terms	  of	  length,	  diameter	  and	  rebar.	  	  
According	  to	  the	  results	  obtained	  by	  Terracon,	  in	  the	  area	  of	  the	  Webb	  Chapel	  Bridge	  there	  are	   clay	   and	   sand	  deposits	   that	   extend	   to	  depths	  of	   about	  55	   feet.	  However,	   our	  bearing	  strata	  which	   is	  where	   the	   drilled	   shaft	   has	   to	   embed	   is	   the	   gray	   to	   dark	   gray	   eagle	   ford	  shale.	  Sand	  layers	  are	  present	  at	  depths	  of	  15	  to	  25	  feet	  below	  the	  existing	  natural	  ground	  and	  above	  the	  top	  of	  shale.	  The	  recommended	  design	  top	  of	  shale	  elevation	  is	  445	  and	  the	  finish	   grade	   elevation	   is	   480.	   The	  minimum	  drilled	   shaft	   length	   is	   the	   distance	   from	   the	  finish	  grade	  elevation	  to	  the	  top	  of	  shale	  plus	  at	  least	  2,5	  times	  shaft	  diameter	  below	  top	  of	  gray	  shale.	  	  
This	  geotechnical	  studies	  are	  done	  prior	  to	  any	  construction	  and	  are	  important	  to	  for	  the	  design.	   However,	   it	   has	   been	   proven	   in	   other	   projects	   that	   the	   information	   provided	   in	  these	  geotechnical	  reports	   is	  not	  very	  accurate.	  Many	  of	   the	  times,	   the	  top	  of	  shale	   is	  not	  reached	  at	  the	  supposed	  elevation.	  This	  causes	  a	  very	  typical	  problem,	  which	  is	  that	  either	  the	  rebar	  for	  drilled	  shaft	  is	  too	  short	  or	  too	  long.	  If	  it	  is	  too	  long,	  it	  is	  easy	  to	  solve,	  rebar	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just	  needs	  to	  be	  cut	  to	  the	  desire	   length.	  However,	   if	   the	  steel	   is	  short	   it	  needs	  to	  spliced,	  which	   requires	   more	   time	   and	   requires	   to	   have	   extra	   steel	   on	   site.	   Another	   possible	  solution	  if	  the	  steel	  is	  short,	  is	  to	  hold	  the	  cage	  in	  the	  air,	  which	  means	  that	  the	  cage	  does	  not	  get	  to	  the	  bottom	  of	  the	  hole.	  However	  if	  the	  drilled	  shaft	  is	  not	  longer	  than	  25	  feet	  then	  that	  solution	  cannot	  be	  used.	  
Regarding	   the	   characteristics	   of	   the	   bearing	   strata,	   the	   dark	   gray	   eagle	   ford	   shale	   is	   a	  sedimentary	   rock	   underlying	   most	   of	   South	   Texas.	   Due	   to	   the	   sloping	   nature	   of	   the	  formation,	  the	  shale	  reaches	  the	  surface	  in	  North	  Texas	  where	  the	  Dallas-­‐Forth	  Worth	  area	  is	  located.	  The	  Eagle	  Ford	  Shale	  is	  one	  of	  the	  most	  actively	  drilled	  targets	  for	  oil	  and	  gas	  in	  the	  United	  States,	  more	  specifically	  in	  South	  Texas.	  	  
	  
Picture	  1:	  Section	  showing	  the	  Eagle	  Ford	  Shale	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BRIDGE MEMORANDUM NO. B- 27 
IH-635 MANAGED LANE PROJECT 
 
 
TO: Mr. Ignacio Navarro  DATE: January 5, 2012 
FROM: Tim G. Abrams, P.E. and Dharmateja Maganti E.I.T. PROJECT NO.: 94105055 
  
SUBJECT: RECOMMENDATIONS FOR BRIDGE FOUNDATIONS 
 STRUCTURES 29, 30, 31, 32 and 33 
 GENERAL PURPOSE LANE AND BYPASS BRIDGES  
  
 
1.0 PROJECT DESCRIPTION 
1.1 BRIDGE INFORMATION 
 
TABLE 1 – BRIDGE INFORMATION 
Item Description 
Bridge Locations 
Locations of bridges covered by this report are shown on Exhibit 1.   
GPL Bridges cross-over Webb Chapel Road and Webb Chapel Road Bridge 
cross-over Managed Lanes 
Bridge Lengths 
 Structure No. 29 – 16 spans, total length 1,894.75 feet, See Exhibits 2 to 6. 
 Structure No. 30 – 16 spans, total length 1,895.60 feet, See Exhibits 7 to 11. 
 Structure No. 31 – 8 spans, total length 890.0 feet, See Exhibits 12 to 14. 
 Structure No. 32 – 7 spans, total length 780.0 feet, See Exhibits 15 to 16. 
 Structure No. 33 – 1 span, total length 121.0 feet, See Exhibit 17. 
Foundation Type 
Multiple Drilled Shafts per bent 
Abutment Drilled Shafts – 36 inch Diameter 
Interior Bents Drilled Shafts – 60 inch Diameter 
Storm Drain Culvert Box culvert below eastbound managed lanes. 
 
2.0 DRILLED SHAFT RECOMMENDATIONS 
2.1 DRILLED SHAFT EMBEDMENT DEPTHS 
Drilled shafts for Bridges 29, 30, 31 and 32 are expected to be located in managed lane side 
slopes and behind managed lane walls. The slopes will range from 3H:1V to 4H:1V.  Drilled 
shafts located in the median between Bridges 29 and 30 will be in level ground. The manage 
lane excavations are expected after the drilled shafts are constructed. 
 
Geotechnical Bridge Design Recommendations - Memo B-27  
Structures 29, 30, 31, 32 and 33 ■ Dallas, Texas 
January 5, 2012 ■ Terracon Project No. 94105055 
 
Reliable ■  Responsive ■  Resourceful 2 
Clay and sand deposits that extend to depths of about 55 feet are present below existing natural 
grades west of about Sta. 95+00.  Clays and shaley clays are present to depths of about 35 feet 
east of about Sta. 95+00.   
 
Sand layers are present at depths of 15 and 25 feet below the existing natural ground and 
above the top of shale west of about Sta. 93+00. These sand deposits are water bearing. The 
sand layer present at depths of 10 and 25 feet is referred as the “Shallow  Sand  Layer”  and  sand  
layer present above top of shale is referred to as the “Deep  Sand  Layer”.  The  recommended  
design shallow and deep sand layer elevations at each bent of Bridges 29, 30, 31, 32 and 33 
are given in Exhibit 18. 
  
The recommended design top of shale elevations for the bridges included in this report are 
presented in Exhibit 18.  The estimated managed lane centerline finished elevations are also 
shown on this exhibit. 
 
The design recommendations are based on the cross-sections that were updated by 
Bridgefarmer & Associates on December 2, 2011. If the cross-sections are revised, Terracon 
should be notified to re-evaluate the recommendations provided in this report. 
 
2.2 DRILLED SHAFT AXIAL RESISTANCE 
 
Load Resistance Factor Design (LRFD) methodology is used for this report. Recommended 
nominal unit tip and side shear resistance values for Strength Limit State for drilled shafts 
bearing in gray shale are provided in Table 2 for Bridges 29, 30, 31, 32, and 33.  The design 
nominal ultimate strength has been multiplied by AASHTO LRFD resistance factors. The design 
values are based on penetration depths below the top of shale elevations provided in Exhibit 18. 
 
TABLE 2 – RECOMMENDED NOMINAL UNIT TIP AND SIDE SHEAR RESISTANCE VALUES 
Depth Below Top of Shale 
Given on Exhibit 18 
Nominal Unit Tip 
Resistance (ksf) 
Nominal Unit Side Resistance 
Compression (ksf) Tension (ksf) 
0 to 6 feet  
below top of shale  
18.0 1.6 1.1 
6 to 12 feet 
below top of shale 
39.0 2.5 1.7 
12 to 21 feet 
below top of shale 
57.0 3.1 2.2 
21 to 60 feet 
 below top of shale 
70.0 3.6 2.7 
 
Design values provided in Table 2 are for drilled shafts installed using casing and excavating 
the shale in the dry. Casing construction methods will be required west of about Sta. 93+00.  
Casing may also be required east of Sta. 93+00 if groundwater enters the drilled shaft bore.   
Geotechnical Bridge Design Recommendations - Memo B-27  
Structures 29, 30, 31, 32 and 33 ■ Dallas, Texas 
January 5, 2012 ■ Terracon Project No. 94105055 
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Design notes are presented in Table 3 provide additional design guidance. 
 
TABLE 3 – DRILLED SHAFT DESIGN NOTES 
Design Notes Parameter 
Bearing Strata Gray to Dark Gray Eagle Ford Shale.  Design elevation for top of shale is provided on Exhibit 18. 
Resistance Factor  
Axial Compressive Tip Resistance  
0.7 (This value has been applied to  
Nominal Ultimate Tip Resistance.) 
Resistance Factor  
Axial Compressive Side Resistance  
0.45 (This value has been applied to  
Nominal Ultimate Skin Side Shear Resistance.) 
Resistance Factor for Uplift Side 
Resistance  
0.45 (This value has been applied to  
Nominal Ultimate Skin Side Shear Resistance.) 
Combined Tip Resistance 
 and Side Resistance  
Drilled shafts can be designed for a combination of tip 
resistance and side resistance for penetration depths into 
shale of 2.5 shaft diameters or greater. Skin friction must 
only be included below the cased depth in shale. 
Skin Friction Reduction 
Minimum Center to Center 
Drilled Shaft Spacing 
3 times the diameter of the larger shaft. Closer spacing will 
result in reduction in the skin friction values and may 
require special installation sequences.   
As a general guide, the design skin friction will vary 
linearly from the full value at a spacing of 3 diameters to 
50 percent of the design value at 1 times the diameter. 
Minimum Drilled Shaft Length 2.5 shaft diameters below top of gray shale provided on Exhibit 18. 
Estimated Settlement Less than 1% of shaft diameter 
Drilled Shaft Construction 
Temporary casing will be required to maintain drilled shaft 
borehole stability where sands and high groundwater 
conditions are present.  Sand deposits are typically 
present east of about Sta. 93+00.  High groundwater 
conditions are present at all bridge locations. 
Drilled shafts must be installed using dry construction in 
shale.  If slurry is used to advance the casing through the 
overburden soils to the top of shale, the slurry must be 
processed slurry. 
Drilled shaft concrete placement must be completed within 
8 hours after the penetration into the gray shale is begun.  
Drilled shaft must be installed in accordance with TxDOT 
Specifications, Item 416.  
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2.3 SOIL INDUCED UPLIFT FORCES 
For the conditions encountered, the uplift load due to soil expansion can be approximated by 
assuming a uniform uplift of 1,800 psf over the shaft perimeter for a depth of 12 feet in soil.  The 
dead weight of the drilled shaft and dead loads can be included in the uplift resistance 
calculations. The shafts must contain sufficient continuous vertical reinforcing and embedment 
depth to resist the net tensile load. 
 
2.4 DRILLED SHAFT LATERAL DESIGN 
2.4.1 L-PILE Parameters 
Bridges 29 through 32 drilled shafts are expected to be located in slopes ranging from 3H:1V to 
4H:1V. L-PILE lateral load design parameters for these bridges are provided in Exhibits 19 and 
20. Drilled shafts of Bridge 33 and some of the drilled shafts for Bridges 29 and 30 will be 
located in level ground. Recommended L-PILE parameters for these bents are presented in 
Exhibits 21 and 22.  Suitable p-y modification factors must be used to account for group effects 
of closely spaced drilled shafts in accordance with AASHTO requirements.  The L-PILE analysis 
for sloping ground affects must be included in the analysis of drilled shafts in slopes. 
 
The strength of the clays in the upper 5 below the finished grade should be neglected due to 
potential soil shrinkage and construction disturbance.  The clay unit weight within the shrinkage 
zone of 5 feet can be included in the analyses for all the bents.  
 
Some drilled shafts of Bridge 31 are expected to be located on 5H:1V slope next to 3.5H:1V 
slope. The 3.5H:1V sloping ground conditions must be modeled in the L-PILE analyses for 
drilled shafts of Bridge 31. Drilled Shafts of Bridge 33 and the drilled shafts drilled in the 
managed lane median for Bridges 29 and 30 are expected to be constructed on level ground. 
 
Box culverts are planned in the eastbound managed lanes near the bents of the Bridge 29. 
Culvert trench excavation backfill is not expected to be as strong as undisturbed soil. Soil fill 
strengths are included in Exhibits 21 and 22 to make an allowance for compacted soil back fill. 
  
3.0 BASIS OF GEOTECHNICAL DESIGN RECOMMENDATIONS 
3.1 SUBSURFACE CONDITIONS  
3.1.1 Borings and Laboratory Tests 
The approximate boring locations are shown on Exhibits 2 through 17. Borings used in our 
analyses are shown in the plan and profiles on Exhibits 2 through 17.    Terracon’s,  TxDOT’s   and 
Fugro’s boring logs are provided in data report.  
  
Laboratory tests conducted by Terracon included unconfined compressive strength tests, unit 
dry weight tests, and natural moisture content tests.  The results of these tests are tabulated on 
the boring logs provided in data report.   
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3.1.2 Subsurface Conditions  
Subsurface profiles for the Bridges 29 through 33 are presented on Exhibits 2 through 17, 
respectively.  Subsurface conditions at the bridge locations generally consist of Eagle Ford 
Shale. Detailed description of subsurface conditions as well as field and laboratory test results 
are shown on boring logs provided in data report. Groundwater was encountered in the borings 
as noted in the table below: 
 
 
TABLE 5 – GROUND WATER LEVEL OBSERVATIONS 
Boring No. Water level reading during drilling (feet) 
Water level reading after 
drilling (feet) 
Water level reading after 
24 hours (feet) 
E – 9 18 - - 
E – 10 28 - - 
E – 11 - - 10 
E – 12 20 - - 
E – 13 8 12 - 
E – 15 20 10 - 
W – 6 47.5 - - 
W – 7 - 34 - 
W – 9 16 24 - 
W – 11 21 4.5 - 
W – 14 - 12 - 
 
 
Local experience indicates that perched groundwater conditions can develop in fractures in the tan 
limestone and joints and faults in the gray limestone.  Recharge of the perched water table can 
occur from rain fall and landscape irrigation. 
 
3.2 STRENGTH CHARACTERIZATION  
The nominal unit tip resistance and side shear resistance values of drilled shafts are based on 
unconfined compressive strengths and TCP values in Shale. Rock quality designation (RQD) 
data was used in developing bearing capacity recommendations. 
 
Geotechnical Bridge Design Recommendations - Memo B-27  
Structures 29, 30, 31, 32 and 33 ■ Dallas, Texas 
January 5, 2012 ■ Terracon Project No. 94105055 
 
Reliable ■  Responsive ■  Resourceful 6 
4.0 GENERAL COMMENTS 
Recommendations provided in this report are for design of foundations for the Bridges 29, 30, 
31, 32 and 33. Our recommendations are based upon subsurface exploration and laboratory 
tests presented in this report, for the profiles and cross-sections provided and our present 
knowledge of the proposed construction. 
 
This report has been prepared for the exclusive use of our client for specific application to the 
project discussed and has been prepared in accordance with generally accepted geotechnical 
engineering practices.  No warranties, either expressed or implied, are intended or made.  Site 
safety, excavation support, and dewatering requirements are the responsibility of others.  In the 
event that changes in the nature, design, or location of the project as outlined in this report are 
planned, the conclusions and recommendations contained in this report shall not be considered 
valid unless Terracon reviews the changes and either verifies or modifies the conclusions of this 
report in writing. 
 
Please do not hesitate to contact us if there are any questions.   
 
Sincerely, 
Terracon Consultants, Inc. 
     Terracon Registration No. 3272 
 
 
 
Dharmateja Maganti, E.I.T.  Tim G. Abrams, P.E 
Staff Engineer   Senior Principal 
 
 
 
 
EXHIBITS 
 
Exhibit 1 Bridge Location Drawing 
Exhibits 2 to 6  Plan and Profile – Bridge 29 
Exhibits 7 to 11  Plan and Profile – Bridge 30 
Exhibits 12 to 14 Plan and Profile – Bridge 31 
Exhibits 15 to 16 Plan and Profile – Bridge 32 
Exhibit 17  Plan and Profile – Bridge 33 
Exhibit 18  Design Sand Layer and Top of Shale Elevations for Bridges 29 through 33 
Exhibits 19 to 22 Lateral Load Parameters for Bridges 29 through 33 
 
 1/5/12
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EXHIBITS 


 Project Mgr:    Project No.
Drawn by:      
 Checked by:   Scale:
 Approved by:    Date: 8901 CARPENTER FRWY. DALLAS, TX 75247  
PH: (214) 630-1010 Fax. (214) 630-7070  
EXHIBITDN
TGA Consulting Engineers and Scientists IH 635 MANAGED LANES PROJECTTexas Registration 3272 18
TGA 12/15/2011 DALLAS, TEXAS
TGA MANAGED LANE CUT ELEATION AND SHALE ELEVATION 
FOR BRIDGES 29, 30, 31, 32 AND 3394105055
THIS DOCUMENT SHOULD NOT BE USED 
SEPARATELY FROM ORIGINAL REPORT 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
479.0 478.0 477.0 476.5 477.5 478.0 478.5 479.7 480.0 480.3 480.7 481.0 481.3 481.5 481.7 482.0 483.0
483.0 / 477.0 483.5 / 477.5 484.0 / 478.0 484.5 / 478.5 485.0 / 479.0 485.5 / 479.5 489.5 / 483.5 490.0 / 484.0 490.5 / 484.5 491.0 / 485.0 - - - - - - -
- - - - -
440.0 440.0 440.0 444.0 438.0 438.0 441.0 441.0 440.0 440.0 445.0 448.0 463.0 463.0 463.0 476.0 476.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
479.0 478.0 477.0 476.5 477.5 478.0 478.5 479.7 480.0 480.3 480.7 481.0 481.3 481.5 481.7 482.0 483.0
483.0 / 477.0 483.5 / 477.5 484.0 / 478.0 484.5 / 478.5 485.0 / 479.0 485.5 / 479.5 489.5 / 483.5 490.0 / 484.0 490.5 / 484.5 491.0 / 485.0 - - - - - - -
- - - - -
440.0 440.0 440.0 444.0 441.0 441.0 441.0 441.0 445.0 445.0 457.0 472.0 472.0 477.0 473.0 473.0 473.0
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 1 2
500.5 500.3 500.3 504.0 503.7 503.7 508.0 502.0 502.0 501.0 502.0 502.0 506.0 504.0 506.0 503.0 503.0 480.0 480.0
489.5 / 483.5 490.0 / 484.0 490.5 / 484.5 491.0 / 485.0 - - - - - 490.0 / 484.0 490.5 / 484.5 491.0 / 485.0 - - - - - - -
- - - - - - - - - - - -
441.0 441.0 440.0 440.0 445.0 448.0 463.0 463.0 463.0 441.0 445.0 445.0 457.0 472.0 472.0 477.0 473.0 445.0 445.0
Shallow Sand Layer -                                       
Sand Elevation (Top / Bottom)
Managed Lane Centerline Finished 
Elevation
BRIDGE NO.
BENT NO.
BRIDGE 29 - BL635E
BRIDGE - 33
Shallow Sand Layer -                                      
Sand Elevation (Top / Bottom)
Deep Sand Layer                 
BRIDGE NO.
BENT NO.
Finished Grade Elevation
About 10 feet thick above Design Top of Shale Elevation About 10 feet thick above Design Top of Shale Elevation
Deep Sand Layer                 
Design Top of Shale Elevation, feet
About 10 feet thick above Design Top of Shale Elevation
About 10 feet thick above Design Top of Shale Elevation
Design Top of Shale Elevation, feet
BRIDGE 31 - RBXEJOS Bridge 32 - BYPWJOS
BRIDGE 30 - BL635W
Design Top of Shale Elevation, feet
Managed Lane Centerline Finished 
Elevation
BRIDGE NO.
BENT NO.
Deep Sand Layer                 
Shallow Sand Layer -                                      
Sand Elevation (Top / Bottom)
* - Sand Layer Elevations and Top of Shale Elevations at bents for Bridges 29 through 33 are presented in Exhibit 18
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Design Parameter
LPILE Material Type Culvert Clay Backfill Design Values - Bridge 29 Deep Sand Layer Gray Shale Gray Shale Gray Shale Gray Shale
Layer
Top of Managed Lane 
Pavement Elevation to 10 feet 
below
Top of Managed Lane 
Pavement Elevation to 
El . 475
El. 475 to top of deep 
sand layer Exhibit 18
Top of shale elevation 
to 6 feet below top of 
shale elevation
6 feet below top of shale 
elevation to 12 feet below 
top of shale elevation
12 feet below top of shale 
elevation to 21 feet below 
top of shale elevation
 21 feet below top of 
shale elevation
Effective Unit Weight 0.072 0.036 pci 0.036 pci 0.036 pci 0.078 pci 0.078 pci 0.078 pci 0.078 pci
Soil Undrained Cohesion 6.9 pci 10.4 psi 13.5 psi - - - - -
Soil Friction Angle - - - 30 Degrees - - - -
Soil E50 or Strain Factor, Krm 0.007 0.007 0.005 - 0.0005 0.0005 0.0005 0.0005
Modulus of Subgrade Reaction K 500 pci 300 pci 900 pci 90 pci - - - -
Rock  Modulus - - - - 8,000 psi 13,200 psi 20,400 psi 33,000 psi
Rock Compressive Strength - - - - 65 psi 110 psi 170 psi 275 psi
Rock Quality Index (RQD) - - - - 100% 100% 100% 100%
Design Parameter
LPILE Material Type Culvert Clay Backfill Design Values - Bridge 29 Deep Sand Layer Gray Shale Gray Shale Gray Shale Gray Shale
Layer
Top of Managed Lane 
Pavement Elevation to 10 feet 
below
Top of Managed Lane 
Pavement Elevation to 
El . 475
El. 475 to top of deep 
sand layer Exhibit 18
Top of shale elevation 
to 6 feet below top of 
shale elevation
6 feet below top of shale 
elevation to 12 feet below 
top of shale elevation
12 feet below top of shale 
elevation to 21 feet below 
top of shale elevation
 21 feet below top of 
shale elevation
Effective Unit Weight 0.072 0.036 pci 0.036 pci 0.036 pci 0.078 pci 0.078 pci 0.078 pci 0.078 pci
Soil Undrained Cohesion 6.9 pci 10.4 psi 13.5 psi - - - - -
Soil Friction Angle - - - 30 Degrees - - - -
Soil E50 or Strain Factor, Krm 0.007 0.007 0.005 - 0.0005 0.0005 0.0005 0.0005
Modulus of Subgrade Reaction K 500 pci 300 pci 900 pci 90 pci - - - -
Rock  Modulus - - - - 8,000 psi 13,200 psi 20,400 psi 33,000 psi
Rock Compressive Strength - - - - 65 psi 110 psi 170 psi 275 psi
Rock Quality Index (RQD) - - - - 100% 100% 100% 100%
Design Values
Design Values
 BRIDGE 29 AND 30 - ABUTMENT 1 AND BENTS  2 TO 7                                                                                                                                                                                                                                                                                                                                                                      
LATERAL LOAD PARAMETERS FOR DRILLED SHAFTS ON LEVEL GROUND
Stiff Clay w/o Free Water
 BRIDGE 29 AND 30 - BENTS  8 TO 11 AND BRIDGE 33 - ABUTMENT 1                                                                                                                                                                                                                                                                                                                                
LATERAL LOAD PARAMETERS FOR DRILLED SHAFTS ON LEVEL GROUND
Stiff Clay w/o Free Water
* - Sand Layer Elevations and Top of Shale Elevations at bents for Bridges 29 through 33 are presented in Exhibit 18
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Design Parameter
LPILE Material Type Culvert Clay Backfill Design Values - Bridge 29 Stiff Clay w/o Free Water Gray Shale Gray Shale Gray Shale Gray Shale
Layer
Top of Managed Lane 
Pavement Elevation to 10 feet 
below
Top of Managed Lane 
Pavement Elevation to top of 
shale elevation
Top of shale elevation 
to 6 feet below top of 
shale elevation
6 feet below top of shale 
elevation to 12 feet below 
top of shale elevation
12 feet below top of shale 
elevation to 21 feet below 
top of shale elevation
 21 feet below top of 
shale elevation
Effective Unit Weight 0.072 0.036 pci 0.078 pci 0.078 pci 0.078 pci 0.078 pci
Soil Undrained Cohesion 6.9 pci 19.0 psi - - - -
Soil Friction Angle - - - - - -
Soil E50 or Strain Factor, Krm 0.007 0.005 0.0005 0.0005 0.0005 0.0005
Modulus of Subgrade Reaction K 500 pci 1500 pci - - - -
Rock  Modulus - - 8,000 psi 13,200 psi 20,400 psi 33,000 psi
Rock Compressive Strength - - 65 psi 110 psi 170 psi 275 psi
Rock Quality Index (RQD) - - 100% 100% 100% 100%
Design Parameter
LPILE Material Type Culvert Clay Backfill Design Values - Bridge 29 Stiff Clay w/o Free Water Gray Shale Gray Shale Gray Shale Gray Shale
Layer
Top of Managed Lane 
Pavement Elevation to 10 feet 
below
Top of Managed Lane 
Pavement Elevation to top of 
shale elevation
Top of shale elevation 
to 6 feet below top of 
shale elevation
6 feet below top of shale 
elevation to 12 feet below 
top of shale elevation
12 feet below top of shale 
elevation to 21 feet below 
top of shale elevation
 21 feet below top of 
shale elevation
Effective Unit Weight 0.072 0.036 pci 0.078 pci 0.078 pci 0.078 pci 0.078 pci
Soil Undrained Cohesion 6.9 pci 19.0 psi - - - -
Soil Friction Angle - - - - - -
Soil E50 or Strain Factor, Krm 0.007 0.005 0.0005 0.0005 0.0005 0.0005
Modulus of Subgrade Reaction K 500 pci 1500 pci - - - -
Rock  Modulus - - 8,000 psi 13,200 psi 20,400 psi 33,000 psi
Rock Compressive Strength - - 65 psi 110 psi 170 psi 275 psi
Rock Quality Index (RQD) - - 100% 100% 100% 100%
 BRIDGE 29 AND 30 - BENTS  12 TO 15 AND BRIDGE 33 - ABUTMENT 2                                                                                                                                                                                                                                                                                
LATERAL LOAD PARAMETERS FOR DRILLED SHAFTS ON SLOPES
 BRIDGE 29 AND 30 - BENTS  16 AND 17                                                                                                                                                                                                                                                                          
LATERAL LOAD PARAMETERS FOR DRILLED SHAFTS ON SLOPES
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Many!scenarios!have!to!be!considered!when!a!bridge!is!being!designed.!There!are!a!lot! factors! to! take! into! account.! The! purpose! of! this! annex! is! to! study! different!options!for!the!design!of!the!Webb!Chapel!Bridge!and!figure!out!which!one!is!the!most!adequate.!!
Constraints%
%First!of!all,!before!starting!with!the!alternatives,!let’s!take!a!look!to!the!constraints.!These! constraints! are!what!are!going! to!either!accept!or!decline! the!alternatives!that!will!be!discussed!later!in!this!annex.!!
The! first! and! probably! the! most! important! one! of! the! constraints! is! what! the!contract!says.!When!the!Texas!Department!of!Transportation!(TxDot)!awarded!the!project! to! the! company,! an! agreement! was! reached.! In! that! agreement! it!specifically!says! that!underneath! the!existing!Webb!Chapel! road!will!have! to!run!the!future!manage!lanes!of!the!Lyndon!B.!Johnson!Highway.!It!is!also!specified!that!the!general!purpose!lanes!will!run!above!the!future!Webb!chapel!road!bridge!and!that! the! frontage! roads!will! run! eastbound! and!westbound! on! both! ends! of! the!future!bridge.!!
Another! important! constraint! is! the! location!where! this! construction!happens.! It!happens!in!the!middle!of!the!city!of!Dallas,!which!means!that!there!is!a!lot!of!traffic,!and!this!traffic!cannot!be!stopped!while!construction.!Therefore,!the!fact!of!having!to! combine! the! flow! of! the! existing! traffic! at! the! same! time! that! construction!progresses! is! also! a! constraint.! This! constraint! will! have! a! very! important! role,!
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when! the! phases! of! construction! are! designed.! The! traffic! control! plans! are! the!ones!where!the!phasing!of!construction!is!stated.!!
One! constraint!more! related! to! the! location! is! all! the! businesses! and! residences!that!are!in!that!area.!The!company!might!acquire!some!of!them!and!therefore!they!could!be!used!as!please.!However,! the!majority!of! them!will!stay!where!they!are.!Therefore,! the!access!during!construction!needs! to!be!guaranteed!and! the!access!after!construction!needs!to!be!assured!as!well.!This!constraint!will!have!to!be!taken!into! account! when! the! vertical! and! horizontal! alignment! of! the! new! bridge! is!studied.!!
Last! but!not! the! least,! as! it! is! shown! in! the! following!picture,! the!Dallas!medical!center! happens! to! be! very! close! to! the! area! undergoing! all! the! construction!changes.!!
!
!
!!!!!!!!! Picture+1:+Location+of+Dallas+Medical+Center+
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This!constraint!will!have!to!be!very!carefully!taken!into!account!while!the!phases!of! construction! are! designed.! The! access! to! the! medical! center! needs! to! be! a!hundred!per!cent!guaranteed!at!all!times.!Most!probably!that!detours!just!for!the!access!will!need!to!be!designed.!Furthermore,!during!rush!hours!police!officers!will!be! flagging! if! needed! the! intersections! to! prioritize! the! vehicles! going! to! the!medical!center.!!
In!terms!of!construction!constraints,!while!the!construction!of!the!superstructure!happens,! an! important! constraint! will! show! up.! The! generalRpurpose! lanes! run!above!the!Webb!Chapel!road!bridge,!and!therefore!its!structure!has!to!go!through!the!bridge.!Therefore,!the!bridge!deck!will!have!two!openings!so!that!the!columns!of!the!generalRpurpose!lanes!can!go!through!the!bridge.!
!
!
!
!
!
!
!
!
!
!
Picture+2:+Slab+view+
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Alternatives%!
Once! the!major! constraints!have!been!discussed,! it! is! time! to! study! the!different!options!that!can!be!considered!for!the!design.!
Alternative!zero!
Before!starting!any!project,!the!alternative!zero!needs!to!be!considered.!This!is!the!no!construction!alternative,!which!means!leave!it!as!it!is.!However,!in!this!case!this!alternative!cannot!be!an!option.!Due!to!the!new!design!of! the!Lyndon!B.! Johnson!Highway,!the!new!managed!lanes!will!run!under!the!bridge.!As!of!the!existing!road,!nothing!runs!underneath!it.!Therefore,!it!is!clear!that!the!alternative!zero!is!going!to!be!declined.!!
Let’s!take!a!look!to!the!existing!profile!of!the!Webb!Chappel!Road,!and!also!to!the!proposed!one:!
!
!
Picture+3:+Typical+transversal+section+!
! 7!
!
Picture+4:+Typical+proposed+section+!
As! stated! earlier,! nothing! runs! underneath! Webb! Chappel! Road! in! the! existing!state.!On!the!other!hand,!in!the!proposed!one,!the!managed!lanes!run!underneath!it.!Therefore,!it!is!clear!that!the!Alternative!zero!cannot!be!consider!for!this!project.!
!
Structural!Alternatives!
The! construction! of! bridges! has! improved! so! much! since! the! beginning! of!construction,! that!right!now!there!many!different!types!of!bridges!such!as:!metal!beam!bridges,! precast! concrete!beam!bridges,! cast! in!place!postRtension!bridges,!truss!bridges,!arch!bridges,!cable!stayed!bridges!and!suspension!bridges.!However,!not!all!the!types!are!suitable!for!all!the!designs.!!
• For! the! Webb! Chapel! road! bridge,! cable! stayed! and! suspension! bridges!cannot! be! considered! as! an! option.! Mostly! because! of! the! geometry,! it!would! be! very! tricky! to! have! the! generalRpurpose! lanes! run! above! and!through!these!bridges!with!all!the!cables!running!from!top!to!bottom.!The!same! happens!with! the! truss! bridge.! Its! geometry! is! not! compatible!with!having!the!superstructure!of!the!generalRpurpose!lanes!running!above!and!through! the! bridge.! The! arch! bridge! is! not! going! to! be! considered! as! an!
! 8!
option! either.! Also,! the! Texas! Department! of! Transportation! would! not!agree!to!have!such!type!of!bridges!in!the!middle!of!the!city.!!
!
!
!
!
!
!
• The!metal!beam!bridges! are! a! feasible! solution! for! this!project.!There!are!two!main! issues! with! the!metal! girders.! The! first! one! is! the! price,! metal!beams!are!much!more!expensive!that!the!concrete!ones.!The!second!one!is!the! maintenance,! which! is! much! more! expensive! than! for! the! concrete!beams.!These!kinds!of!girders!are!normally!used!for!long!spans,!where!the!concrete!ones!cannot!be!used.!+
!
!
!
!
!
!
Picture+6:+Cable+stayed+bridge+in+Dallas+ Picture+5:+Truss+bridge+
Picture+7:+Steel+girders+
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• The!cast!in!place!postRtensioned!alternative!can!be!considered!an!option!for!this!project.!However,!due! to!all! the! temporary!structure! that!needs! to!be!set!in!place!it!would!be!a!very!challenging!option.!Mostly!because,!while!the!construction!of!the!Webb!Chapel!road!bridge!takes!place,!there!is!also!going!to! be! activities! related! to! the! manage! lanes! taking! place! underneath! the!bridge.! Therefore,! by! setting! all! the! temporary! structure! we! would! be!blocking!the!other!activities.!!
!
!
!
!
!
!
• The! precast! concrete! beams! are! a! suitable! solution! for! the!Webb! Chapel!road!bridge.!This!option!is!usually!cheaper!than!the!others!and!permits!as!well!more! flexibility! in! terms!of! the!design.! The!number!of! beams! can!be!reduced!or! increased!depending!on! the!height! and!without!modifying! too!much! the! cost.! Therefore,! problems! regarding! the! vertical! alignment,! the!number!of!spans,!the!numbers!of!beams,!the!heights!and!many!others,!are!easier!to!solve!using!precast!concrete!beams.!Also,!precast!concrete!beams!are!easier!to!fabricate!and!therefore!it!is!easier!to!find!a!supplier.!
!
Picture+8:+Cast+in+place+construction+
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!
!!
!
!
!
The!precast!beams!are!also!very!common!in!Spain.! !The!only!difference,! is!that!in!Spain!the!precast!box!beams!are!used!rather!than!the!type!I.!!
!
!!!!!!!!!After!discussing!all!the!different!types!of!bridges,!it!can!be!concluded!that!the!steel!girders,!the!precast!concrete!beams!and!the!cast!in!place!are!the!ones!that!can!be!used! for! this! project.! From! now! on,! let’s! discuss!what! option! do!we! have! using!these!type!bridges.!!
!!
Picture+9:+Precast+concrete+beams+
Picture+10:+Precast+concrete+box+beams+
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!Five! possible! designs! are! going! to! be! considered.! Let’s! discuss! each! of! these!alternatives.!
Scenario!1!
This! first! alternative! consists! on! a! bridge! with! two! spans! and! having! retaining!walls!on!each!abutment.!
!
!
!
!
!
!
!
For!this!option,!the!procedure!to!follow!would!the!following!one:!
1. Excavation&&
2. Drilled&Shafts&
3. Columns&and&drilled&shafts&extensions&
4. Retaining&walls&on&both&sides&
5. Cap&and&abutments.&&
Once! this!point!of! construction! is! reached,! the! following!activities!would!depend!on!the!type!of!bridge.!!
Picture+11:+Two+spans&closed+abutments+
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If!we!consider!the!cast! in!place!option,! the!following!activities!would!be!to!set! in!place!all!the!temporary!structure!in!order!to!hold!all!the!necessary!forms.!Once!all!is!set,!formed!and!the!steel!is!tied!we!would!continue!with!the!concrete!pour.!!
On!the!other!hand!if!we!consider!using!precast!concrete!beams!or!steel!girders,!the!activities!would!be!different.!First!of!all,!beams!would!be!set.!After!that,!all!works!related!with!the!deck!such!as!setting!precast!panels,!permanent!metal!deck!forms,!overhangs! and! tying! the! steel! would! be! done! prior! to! the! concrete! pour.! The!concrete!pour!would!follow!right!after!that.!
!
Scenario!2!!
In!this!scenario,!the!bridge!that!is!considered!is!one!similar!to!the!first!scenario!but!instead! of! having! retaining!walls! on! each! abutment,!we! have! opened! abutments!and!therefore!the!excavation!is!sloped!on!both!sides!and!retained!with!a!rip!rap.!
!
Picture+12:+Two+spans&opened+abutments+!
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For! this! scenario,! if! we! consider! the! alternative! of! the! cast! in! place,! the!construction!works!would!develop!as!follows:!
1. Drilled&shafts&
2. Abutments&and&bent&cap&
3. Setting&forms&and&rebar&for&the&cast&in&place.&&
4. Pour&the&deck&
5. Excavation&underneath&the&new&bridge&&
If!we!consider!the!option!with!concrete!beams!or!steel!girders,!the!activities!would!be!performed!in!an!other!order:!
1. Excavation&
2. Drilled&shafts&
3. Columns&&
4. Abutments&and&bent&cap&
5. Set&concrete&or&steel&beams&
6. Overhangs,&precast&panels,&permanent&metal&deck&forms,&tying&rebar&
7. Deck&pour&
!
!
!
!
!
!
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Scenario!3!
This!alternative!is!going!to!be!very!similar!to!the!first!one,!but!instead!of!having!a!bridge!with!two!spans,!we!are!going!to!consider!a!bridge!with!one!span.!For!this!case,!there!are!as!well!retaining!walls!on!each!abutment.!
!
Picture+13:+One+span&closed+abutments+In! terms! of! the! construction! procedure,! the! activities! would! have! to! happen! as!explained!on!the!first!scenario.!!
!
!
!
!
!
!
!
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Scenario!4!
For!this!scenario,!we!are!going!to!consider!a!bridge!with!three!spans!and!with!the!abutments!that!are!going!to!be!opened.!In!this!case!these!opened!abutments!do!not!need!drilled! shafts.! Although!here! in! the!U.S.! they! are! not! used! to! build!without!drilling!shafts!into!the!ground,!we!are!not!going!to!consider!them.!This!design!does!not!call!for!retaining!walls!on!each!side,!it!calls!for!a!sloped!excavation!on!the!sides!like!for!scenario!2!and!a!concrete!rip!rap.!!
!
Picture+14:+Three+spans+&+opened+abutments+!
Let’s!take!a!look!to!the!phases!of!construction!depending!on!the!type!of!bridge.!
!If!we!consider! the!alternative!of! the!cast! in!place,! the!construction!works!would!develop!as!follows:!
1. Drilled&shafts&for&the&bents&
2. Abutments&and&bent&caps&
3. Setting&forms&and&rebar&for&the&cast&in&place.&&
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4. Pour&the&deck&
5. Excavation&underneath&the&new&bridge&&
!
If!we!consider!the!option!with!concrete!beams!or!steel!girders,!the!activities!would!be!performed!in!an!other!order:!
1. Excavation&
2. Drilled&shafts&
3. Columns&&
4. Abutments&and&bent&caps&
5. Set&concrete&or&steel&beams&
6. Overhangs,&precast&panels,&permanent&metal&deck&forms,&tying&rebar&
8. Deck&pour&
!
!
!
!
!
!
!
!
!
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Scenario!5!
This! case! is! going! to! be! very! similar! to! scenario! 4,! but! instead! of! having! three!spans,!we!are!going!to!consider!a!bridge!with!four!spans.!!
!
Picture+15:+Four+spans+&+opened+abutments+The!construction!procedure!for!that!case!is!the!same!as!for!scenario!4.!!
!
!
!
!
!
!
!
!
!
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Now! that! all! the!possible! scenarios!have!been!presented,! it! is! time! to!determine!which!one!is!the!more!appropriate!for!the!Webb!Chapel!road!bridge.!In!order!to!do!that,!a!table!with!all!different!variables!has!been!set.!With!this!table!we!will!be!able!to!get!a!price!to!each!option!and!decide!the!one!that!suits!better.!
In!order!to!have!a!smooth!and!safe!transition!from!the!bridge!to!the!existing!roads,!the! tie! in!between! those!need! to!be! at! the! same!elevation.!Moving! forward,! let’s!establish!this!as!a!condition!for!the!bridge!construction.!!
Scenario!number!1!is!going!to!be!the!one!of!reference.!By!that,!I!mean!that!we!are!going!to!compare!each!scenario!to!that!one.!Therefore,!the!characteristics!in!terms!of! excavation,! retaining!walls! and! structures!we!are!going! to! take! the!ones! from!scenario!1!as!the!reference.!!
!
!
!
!
!
!
!
!
!
!
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!
!
!
!
!
!
!
!
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!
!!!!!!!! !!!
!
!
!
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Now!that!we!have!the!results,!it!is!to!time!to!discuss!them!and!conclude.!The!prices!that! have! been! used! are! the! ones! that! have! been! used! in! the! budget! and! are!considered! standard! prices! for! construction! in! the! state! of! Texas.! The! 12,000!$/day! for! the!extra! time!have!been!calculated!taking! into!account! that!12!people!are! working! in! this! bridge! every! day,! from! the! labors! to! the! engineer.! At! an!approximate!rate!of!100$/hour!and!at!10hours/day,!we!obtain! that!an!extra!day!costs!12,000$.!!
As! explained! earlier,! the! comparison! is! made! based! always! on! scenario! 1.! Let’s!study! then! first! of! all! scenario! 1.! According! to! the! numbers! on! the! table,! the!cheapest! option! for! scenario! 1! is! the! precast! concrete! beams.! The! steel! girders!option!is!217,800$!more!expensive!because!the!linear!foot!of!steel!girder!is!more!expensive!than!the!linear!foot!of!precast!concrete!beam.!The!cast!in!place!option!is!185,155$!more!expensive!as!well!than!the!precast!concrete!beams,!mostly!because!of!the!30!extra!days.!This!option!has!these!days!of!delay!because!for!that!particular!scenario,!the!excavation!needs!to!happen!prior!to!the!deck,!and!therefore,!once!the!excavation!is!done,!in!order!to!work!on!the!deck!a!temporary!structure!needs!to!be!set!in!place.!That!temporary!structure!is!going!to!block!any!possible!access!for!any!other!activity.!Hence,!all!other!activities!will!be!stopped!until!the!deck!is!finished,!which!is!around!30!days.!!
!
!
!
!
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Scenario!2!
According!to!the!obtained!results,!this!scenario!is!more!expensive!than!scenario!1!for!the!three!different!types!of!bridge.!We!have!a!longer!bridge,!and!therefore!the!beams!are!longer,!higher!and!more!expensive,!and!the!deck!has!more!square!feet,!which!makes! it!more! expensive! as!well.! On! the! other! hand,! this! is! a! design! that!does! not! call! for! retaining!walls! on! the! abutments,! and! therefore!we! safe! some!money!on!that.!However,! the!fact!that!the!beams!are!higher,!54!inches!instead!of!24!inches!(1,54!meters!instead!of!0,61!meters),!has!an!impact!on!the!cubic!yards!of!dirt! that! needs! to! be! excavated! underneath! the! bridge! in! order! to!maintain! the!necessary!clearance.!There!are!more!or!less!7000!cubic!yards!(5352!cubic!meters)!extra!to!excavate.!Moreover,!as!we!increase!the!excavation,!we!need!to!increase!to!retaining!walls!in!the!manage!lanes!on!both!sides!of!the!bridge!in!order!to!correct!this! change! on! the! vertical! alignment.! The! square! footage! of! the! wall! increases!around!1600!square!feet!!(149!square!meters)!on!each!side.!We!need!around!300!feet! (91,44!meters)!on!both!sides!of! the!bridge! to!correct! the!vertical!alignment.!For!this!scenario,!in!the!cast!in!place!option!we!do!not!have!the!extra!days!because!the!order!of! the!activities! is!different!and!the!works!on!the!deck!happen!prior!to!anything.!
Taking! into!account! all! these! facts,! if!we! compare! the!prices!between! scenario!1!and! scenario! 2,! the! concrete! beam! bridge! cost! around! 629,319$!more,! the! steel!girders!bridge!is!around!1,1!million!more!expensive!and!the!cast!in!place!bridge!is!around!118,842$!more!expensive!as!well.!!
!
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Scenario!3!
In! this! scenario! we! are! considering! a! bridge! with! one! span! and! with! closed!abutments.!Compared!to!scenario!1,!the!bridge!has!the!same!length!but!the!beams!for!this!scenario!are!longer,!121!feet!instead!of!60,5!feet!(37!meters!instead!of!18,4!!meters).! Therefore,! in! terms! of! precast! concrete! beams,! we! are! going! to! have!higher!beams,!54!inches!instead!of!24!inches!(1,54!meters!instead!of!0,61!meters).!Regarding!the!steel!girders,!in!scenario!3!are!going!to!be!higher!as!well,!50!inches!instead! of! 25! inches! (1,27!meters! instead! of! 0,64!meters).! All! in! all,! beams! are!going!to!be!much!more!expensive.!On!the!other!hand,!the!deck!is!going!to!stay!the!same!as!in!scenario!1.! !As!we!are!using!higher!beams,!the!excavation!underneath!the!bridge!and!the!retaining!walls!for!the!manage!lanes!on!both!sides!of!the!bridge!needs! to! increase! in! order! to! be! in! compliance!with! the! vertical! alignment.! The!excavation! needs! to! increase! around! 7000! cubic! yards! (5352! cubic! meters)! for!each!type!of!bridge!and!the!retaining!walls!need!to! increase!around!1600!square!feet! (149!square!meters)!on!each!side.!Whereas,! the!bridge! in! this!scenario!does!not!have!an!interior!bent.!Therefore,!we!safe!all!the!money!regarding!the!structure!of! that! bent,! the! drilled! shafts,! the! columns! and! the! cap.! This! saving! is! around!132,000$.! Last! but! not! least,! in! the! cast! in! place! scenario! we! have! to! take! into!account! the! extra!days!due! to! the! excavation!happens!prior! to! the!works!on! the!bent! and! therefore! a! temporary! structure! that! blocks! all! kinds! of! access! to! any!other!activity!needs!to!be!set!in!place!in!order!to!work!on!that!deck.!
To! sum!up,! if!we! compare! the! final!price! to! the!ones!obtained! in! scenario!1,! the!precast! beam! bridge! is! around! 126,699$!more! expensive,! the! cost! of! the! bridge!
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with!steel!girders!is!262,954$!higher!and!the!cast!in!place!costs!around!133,722$!more.!!
Scenario!4!
For! this! scenario,! the!bridge! considered!has! three! spans! and!opened! abutments.!The!bridge!is! longer!than!for!scenario!1,!therefore!more!linear!feet!of!beams!and!more!square!feet!of!deck!are!going!to!be!needed.!Also,!the!beams!are!going!to!be!higher!since!the!spans!are!long,!tx54!for!the!precast!concrete!beams!and!the!steel!girder!will!be!50!inches!high!(1,27!meters).!This!increase!in!the!height!will!provoke!an! increase! in! the! number! of! cubic! yards! that! need! to! be! excavated! under! the!bridge!and!an!increase!as!well!in!the!square!footage!of!the!walls!in!order!to!be!in!compliance!with! the! vertical! alignment! and!make! a! safe! transition.!On! the! other!hand,!for!this!scenario,!the!design!calls!for!open!abutments,!and!two!interior!bents.!Therefore,!if!we!compare!it!to!scenario!one,!this!design!is!different!in!terms!of!the!structure.! We! have! less! columns! and! less! drilled! shafts,! and! therefore! we! safe!around!76,800$!with!the!drilled!shafts!and!12,276$!with!columns.!There!are!two!interior!caps!and!two!abutments,!hence!we!are!going! to!spend!more!on!the!bent!caps!and!abutments,!around!43,200$!more.!For!this!particular!scenario,!in!the!cast!in! place! situation,! there! are! no! extra! days,! due! to! the! works! on! the! deck! can!happen!prior!to!anything.!!
Considering!all! the!aforementioned! facts,! if!we!compare! this! scenario! to! the! first!one,! the!precast! concrete! beams!bridge! is! around!583,443$!more! expensive,! the!cost! of! the! steel! girders! bridge! is! around! 1,1!million!more! and! the! cast! in! place!option!has!a!price!72,966$!higher.!!
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Scenario!5!
In! this!case,! the!bridge!design!consists! in! four!spans!and!opened!abutments.!The!bridge!is!longer!than!for!scenario!1,!therefore!more!linear!feet!of!beams!and!more!square!feet!of!deck!are!going!to!be!needed.!However,!the!beams!are!going!to!be!the!tx28!since! the!spans!are!between!55!and!67! feet! long!(between!16,8!meters!and!20,4!meters),!and!the!steel!girder!will!be!28!inches!high!(0,71!meters).!We!are!not!increasing!the!height!of!the!beams!compared!to!scenario!1.!Therefore,!there!is!not!going!to!be!extra!excavation!needed!under!the!bridges.!!On!the!other!hand,!for!this!scenario,!the!design!calls!for!open!abutments,!and!three!interior!bents.!Therefore,!if!we!compare!it!to!scenario!one,!this!design!is!different!in!terms!of!the!structure.!There! are! three! interior! caps! and! two! abutments,! hence!we! are! going! to! spend!more!on! the!bent! caps!and!abutments,! around!86,400$!more.!For! this!particular!scenario,!in!the!cast!in!place!situation,!there!are!no!extra!days,!due!to!the!works!on!the!deck!can!happen!prior!to!anything.!!
Considering!all! the!aforementioned! facts,! if!we!compare! this! scenario! to! the! first!one,! the!precast! concrete! beams!bridge! is! around!411,360$!more! expensive,! the!cost! of! the! steel! girders! bridge! is! 582,720$!more! and! the! cast! in! place! option! is!actually! 130,710$! cheaper! than! the! cast! in! place! in! scenario! 1.! The! difference!between!the!cast! in!place!and!the!precast!concrete!bridge! in!scenario!1! is!higher!than! 130,710$,! therefore! the! cast! in! place! bridge! from! scenario! 5! is! not! he!cheapest!one.!Moreover,! this!option!blocks! the!activities!under! the!bridge!due! to!the! temporary! structure,! and! therefore! it! might! delay! other! activities! than! take!place!close!to!the!bridge!
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We!can!conclude!after!studying!these!alternatives!thoroughly,!that!the!best!option!is!the!bridge!considered!in!scenario!one!with!the!precast!concrete!beams.!!It!is!the!cheapest!option!and!at!the!same!time!the!construction!of!it!does!not!interrupt!any!other!activity!going!on!in!the!construction!site.!!
!
!
Traffic!control!alternatives!
The!traffic!control!plans!are!the!ones!that!determine!the!pace!of!construction,!by!showing! the! work! that! needs! to! be! completed! in! every! phase.! It! goes! without!saying!that!the!easiest,!shortest!and!cheapest!alternative!would!be!to!close!all!the!area!related!to!the!construction!of!the!Webb!Chapel!road!bridge!and!construct!it!in!one! phase! without! having! to! worry! about! accommodating! traffic.! However,! the!Texas!Department!of!Transportation!(TxDot)!requires!that!traffic!is!maintained!at!all! times! either! through! Webb! Chapel! or! detoured! into! other! studied! routes.!Therefore,!the!alternative!of!closing!everything!is!not!acceptable.!!
The! phasing! of! the! traffic! control! needs! to! be! studied! very! detailed! in! order! to!accommodate! traffic! as! better! as! possible.! We! do! not! have! to! forget! that! this!construction!takes!place!in!the!middle!of!the!city!and!very!active!areas!such!as!the!Dallas!Medical!Center!surrounds!it.!!
	  
Annex	  5.	  
Aesthetics	  
Pol	  Pellisé	  Tintoré	  
	  
Aesthetics	  	  The	  purpose	  of	  this	  annex	  is	  to	  determine	  how	  the	  bridge	  is	  going	  to	  be	  beautified	  after	  construction	  is	  finished.	  In	  the	  United	  States	  it	  is	  very	  different	  than	  Spain	  in	  terms	   of	   aesthetics.	   Americans	   are	   not	   very	   strict	  with	   that	   aspect	   compared	   to	  Spain.	  Of	  course,	  every	  project	  has	  its	  own	  aesthetic	  plan,	  but	  at	  the	  end	  what	  it	  is	  important	  is	  coordination	  between	  the	  past,	  present	  and	  future	  projects,	   in	  order	  to	  build	  a	  city	  in	  where	  everything	  has	  followed	  a	  similar	  model.	  We	  do	  not	  need	  to	  forget	  that	  this	  bridge	   is	   in	  the	  middle	  of	   the	  city	  and	  therefore,	   it	  needs	  to	  be	   in	  compliance	  with	  aesthetics	  of	  what	  surrounds	  it.	  Also,	  the	  Webb	  Chapel	  Bridge	  is	  part	   of	   the	   Lyndon	   B.	   Johnson	   project,	   and	   therefore,	   the	   aesthetic	   plan	   for	   this	  bridge	  will	  be	  included	  in	  the	  aesthetics	  plan	  of	  the	  whole	  LBJ	  project.	  	  
Let’s	   start	   from	   bottom	   to	   top.	   The	   retaining	   wall	   panels	   for	   the	   manage	   lanes	  under	  the	  bridge	  have	  a	  particular	  design.	  	  
	  
	  	  	  	  	  	  	  	  	  	  
Picture	  1:	  Retaining	  walls	  details	  
	  The	   star	   and	   the	   ring	   should	   be	   brushed	   aluminum.	   The	   star	   emblem	   should	   be	  back	   lit	   from	   the	   lights	   mounted	   under	   the	   bridges	   and	   a	   second	   star	   emblem	  should	  be	  placed	  across	  the	  managed	  lanes	  from	  the	  other	  star.	  	  
	  
	  
	  
	  
	  
	  
The	  star	   is	  a	  very	  typical	   figure	  in	  the	  state	  of	  Texas.	  Actually,	  Texas	   is	  called	  the	  Lone	  Star	  State.	  This	  kind	  of	  star	  can	  be	  seen	  all	  around	  the	  city.	  	  
Moreover,	  under	  each	  cross	  street,	  there	  is	  also	  a	  star.	  As	  Webb	  Chapel	  Bridge	  is	  a	  crossing	   bridge,	   it	   has	   a	   star	   as	  well	   drawn	   on	   the	   height	   of	   the	   exterior	   beam.	  However,	  the	  design	  of	  the	  star	  is	  a	  little	  bit	  different	  from	  the	  ones	  in	  the	  panels	  of	  the	  retaining	  walls.	  
	  
	  
	  
	  
Picture	  2:	  Manage	  Lanes	  Under	  the	  Webb	  Chapel	  Bridge	  
Picture	  3:	  The	  Lone	  Star	  
	  
	  On	   the	   crossing	   bridges	   like	  Webb	   Chapel,	   there	   is	   also	   going	   to	   be	  written	   the	  name	  of	  the	  street,	  in	  this	  case	  Webb	  Chapel	  Rd.	  This	  is	  how	  the	  design	  looks	  like:	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
As	   it	   can	  be	   seen	   in	   the	  picture	   the	  primary	   colors	  of	   the	  bridge	   are	  orange	  and	  brown.	   More	   specifically,	   these	   colors	   are	   called	   Prairie	   Sand	   and	   Jute	   Brown	  respectively.	  	  
As	   spoke	   in	   other	   annexes	  of	   this	   project,	   there	   are	   two	  medians	  on	   this	   bridge.	  One	  median	   separates	   the	   eastbound	   to	  westbound	  u-­‐turn	   from	   the	   southbound	  lanes	  and	  one	  separates	  the	  westbound	  to	  eastbound	  u-­‐turn	  from	  the	  northbound.	  
The	   sidewalks	   on	   the	   medians	   are	   going	   to	   be	   treated	   in	   order	   to	   meet	   the	  aesthetics	  requirements.	  First	  of	  all	  it	  is	  going	  to	  be	  paint	  in	  Jute	  Brown	  and	  Prairie	  Sand	  as	  well.	  After	   that,	   it	   is	   going	   to	  be	   saw	  cut.	   It	   can	  be	   seen	   in	   the	   following	  picture	  how	  the	  sidewalks	  will	  look	  like.	  
	  
	  
	  
	  
	  
	  
	  
This	   is	   how	   the	   intersection	   between	   the	  Webb	  Chapel	   road	  bridge,	   the	  manage	  lanes	  and	  the	  general	  purpose	  lanes	  will	  look	  like:	  
	  
	  
	  
	  	  	  	  	  
	  As	  it	  can	  be	  seen	  in	  the	  picture	  above,	  there	  is	  as	  well	  an	  ornamental	  barrier	  fence	  on	  both	  sides	  of	  the	  Webb	  Chapel	  Bridge.	  	  	  	  	  	  	  	  	  	  Webb	  Chapel	  road	  is	  an	  actual	  street	  of	  the	  city	  of	  Dallas,	  and	  therefore	  it	  has	  much	  more	  aesthetics	  details	  than	  the	  manage	  lanes	  or	  the	  general-­‐purpose	  lanes.	  Webb	  Chapel	  road	  has	  businesses	  in	  the	  nearby’s	  and	  therefore	  the	  aesthetics	  are	  more	  strict.	  Also,	  pedestrians	  cross	  that	  bridge	  which	  is	  also	  a	  reason	  for	  aesthetics	  to	  be	  stricter	  as	  well.	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Phases	  of	  construction.	  
The	  purpose	  of	  this	  annex	  it	  is	  mainly	  to	  explain	  how	  the	  construction	  of	  the	  Webb	  Chapel	  Bridge	  is	  developed.	  In	  order	  to	  do	  that	  it	  is	  very	  important	  to	  consider	  the	  traffic	  control	  plans	  (TCP).	  We	  do	  not	  have	  to	  forget	  that	  this	  project	  takes	  place	  in	  the	   middle	   of	   city	   of	   Dallas,	   and	   therefore	   the	   traffic	   control	   plans	   are	   of	   vital	  importance.	  	  
The	  traffic	  control	  plans,	  are	  designed	  to	  accommodate	  all	  the	  traffic.	  The	  purpose	  of	   those	   is	   to	   affect	   traffic	   as	   less	   as	  possible	   at	   the	   same	   time	   that	   construction	  takes	  place.	  It	  goes	  without	  saying	  that	  if	  the	  construction	  of	  this	  bridge	  happened	  to	   take	  place	   in	   an	  area	  with	  no	   traffic	   at	   all,	   the	  process	  would	  be	  much	  easier,	  shorter	  and	  of	  course	  cheaper.	  
In	   order	   to	   accommodate	   traffic	   as	   better	   as	   possible,	   the	   construction	   of	   this	  bridge	  is	  scheduled	  in	  four	  stages.	  Every	  phase	  has	  differences	  in	  the	  configuration	  of	  traffic,	  and	  therefore	  the	  first	  thing	  to	  do	  before	  every	  phase	  is	  to	  put	  in	  place	  all	  the	   signage	   regarding	   the	   upcoming	   scenario.	   Phase	   number	   one,	   consists	   on	  reducing	  the	  northbound	  and	  the	  southbound	  Webb	  Chapel	  road	  from	  three	  lanes	  to	  one	  lane.	  The	  northbound	  traffic	  is	  detoured	  to	  the	  eastbound	  frontage	  road,	  the	  u-­‐turn	  at	  Marsh	  lane	  and	  the	  westbound	  frontage	  road.	  The	  southbound	  traffic	   is	  detoured	  to	  the	  westbound	  frontage	  road,	  bypassed	  to	  u-­‐turn	  at	  Denton	  Dr	  and	  to	  the	   eastbound	   frontage	   road.	   Once	   the	   traffic	   configuration	   is	   set	   in	   place,	  construction	  starts.	  In	  terms	  of	  construction,	  the	  target	  of	  this	  stage	  is	  to	  construct	  the	   northbound	   Webb	   Chapel	   road	   South	   of	   the	   eastbound	   frontage	   road	   and	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North	   of	   the	  westbound	   frontage	   road	   as	  well	   as	   the	   construction	   of	   the	   bridge	  structure	   itself.	   The	   construction	   of	   the	   northbound	   and	   southbound	   lanes	   of	  Webb	  Chapel	  road	  between	  the	  IH635	  frontage	  roads	  takes	  also	  place	  in	  this	  first	  stage.	   Last	   but	   not	   least,	   the	   construction	   of	   two	   temporary	   detours	   for	   the	  eastbound	  and	  westbound	  frontage	  road	  that	  will	  be	  used	  in	  phase	  3	  and	  4	  starts	  in	  phase	  1.	  	  
	  
	  
	  
	  
	  
	  
	  
This	   first	   phase	   is	   the	   one	   that	   is	   going	   to	   take	   longer	   since	   all	   the	   works	  underneath	   the	   bridge	   need	   to	   be	   done.	   These	   works	   are	   excavation,	   retaining	  walls	  and	  structure	  of	  the	  bridge.	  	  
For	  phase	  2,	  the	  target	  is	  the	  construction	  of	  the	  Webb	  Chapel	  road	  southbound.	  In	  order	  to	  proceed	  with	  this	  second	  phase,	  the	  first	  thing	  to	  do	  is	  to	  set	  all	  the	  new	  signage	  so	  that	  traffic	  shift.	  After	  that,	  traffic	  is	  shift.	  Northbound	  and	  southbound	  traffic	  is	  shift	  to	  the	  new	  northbound	  pavement	  constructed	  in	  phase	  1	  (see	  picture	  2).	  Once	   traffic	   is	   shifted,	   construction	   takes	  place.	   To	   construct	   the	   southbound	  Webb	   Chapel	   road	   South	   of	   the	   eastbound	   frontage	   road	   and	   North	   of	   the	  
Picture	  1:	  Phase	  1	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westbound	   frontage	   road	   is	   the	   goal	   of	   this	   second	   phase.	   However,	   the	  construction	   of	   the	   two	   detours	   and	   the	   construction	   of	   the	   northbound	   and	  southbound	   lanes	   of	   Webb	   Chapel	   road	   between	   the	   IH635	   frontage	   roads	  continue	  as	  well	  in	  this	  second	  phase.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Up	  to	  this	  point	  of	  construction,	  the	  northbound	  and	  the	  southbound,	  North	  of	  the	  WB	  frontage	  road	  and	  South	  of	  the	  EB	  frontage	  road,	  are	  finished.	  The	  goal	  of	  the	  third	   phase	   is	   to	   construct	   the	  Webb	   Chapel	   road	   northbound	   intersections.	   To	  accomplish	  that	  goal,	  the	  first	  thing	  to	  do	  is	  to	  install	  all	  the	  signage	  related	  to	  that	  phase.	  After	  that,	  the	  northbound	  and	  southbound	  traffic	  is	  shifted	  to	  the	  phase	  1	  traffic	  configuration	  and	  the	  westbound	  and	  eastbound	  frontage	  roads	  are	  shifted	  to	  the	  temporary	  detours	  constructed	  in	  phase	  1	  and	  2.	  Once	  the	  traffic	  is	  relocated	  the	  construction	  of	  the	  northbound	  intersections	  takes	  place.	  	  
Picture	  2:	  Phase	  2	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Phase	  4	  is	  very	  similar	  to	  phase	  3,	  but	  in	  this	  one	  the	  goal	  is	  the	  construction	  of	  the	  Webb	  Chapel	  road	  southbound	  intersections.	  As	  always,	  the	  new	  traffic	  signs	  need	  to	  be	  put	  in	  place	  before	  anything.	  Then,	  the	  northbound	  and	  southbound	  traffic	  is	  shifted	  to	  the	  phase	  2	  traffic	  configuration	  and	  the	  traffic	  of	  the	  frontage	  roads	  is	  maintained	   on	   the	   temporary	   detours	   constructed	   in	   phase	   1	   and	   2.	   Once	   the	  traffic	   is	   accommodated	   to	   this	   new	   configuration,	   the	   construction	   of	   the	  southbound	  intersection	  takes	  place.	  
The	  aforementioned	  process	  of	   construction	   is	   the	  one	   that	  enables	  construction	  and	  traffic	  to	  happen	  at	  the	  same	  time.	  	  
Picture	  3:	  Phase	  3	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The	  goal	   in	   this	  annex	   is	   to	  explain	   the	  different	   steps	  of	  construction	   from	  the	  very	  
beginning	  until	  the	  end.	  Previously	  on	  Annex	  4,	  the	  design	  of	  the	  bridge	  was	  decided	  
and	  therefore	  we	  can	  proceed	  to	  explain	  the	  procedure.	  
The	  whole	  purpose	  of	  this	  bridge	  is	  to	  build	  underneath	  the	  bridge	  the	  manage	  lanes	  
of	  the	  IH635.	  	  
	  
Picture	  1:	  Typical	  transverse	  section	  of	  the	  existing	  road	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Picture	  2:	  Typical	  transverse	  section	  of	  the	  future	  bridge	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Protect	  the	  work	  zone	  
Always,	  the	  first	  operation	  consists	  on	  protecting	  the	  work	  zone.	  In	  this	  case	  we	  need	  
to	  protect	  it	  from	  traffic.	  Therefore	  what	  needs	  to	  be	  done	  is	  to	  set	  concrete	  barrier	  all	  
along	  the	  boundaries	  of	  the	  construction	  area.	  	  
Demolish	  existing	  road	  
Once	  the	  area	  is	  protected,	  the	  existing	  Webb	  Chapel	  road	  needs	  to	  be	  demolished.	  In	  
order	  to	  do	  that	  the	  first	  activity	  that	  is	  going	  to	  happen	  is	  the	  asphalt	  milling.	  After	  all	  
the	  asphalt	  is	  removed,	  the	  concrete	  pavement	  is	  demolished.	  	  	  
Excavation	  
The	  excavation	  is	  about	  25	  ft	  deep	  (7.62	  meters)	  and	  about	  250	  ft	  long	  (76.2	  meters).	  
The	  type	  of	  ground	  encountered	  in	  the	  area	  calls	  for	  a	  temporary	  shoring	  on	  both	  ends	  
of	  the	  excavation.	  For	  the	  temporary	  shoring	  a	  soil	  nail	  wall	  will	  be	  built	  at	  the	  same	  
time	  that	  the	  excavation	  is	  performed.	  The	  procedure	  is	  to	  excavate	  one	  lift	  (5	  feet,	  1,5	  
meters)	   and	   then	   soil	   nail	   that	   lift.	  Once	   the	   first	   lift	   is	   soil	   nailed,	   the	   second	   lift	   is	  
excavated.	  After	  that	  the	  soil	  nail	   is	  built	   in	  that	  second	  lift.	  That	  procedure	  needs	  to	  
be	  repeated	  until	  the	  final	  grade	  is	  reached.	  	  
Once	  the	  proposed	  grade	  is	  achieved	  it	  is	  time	  to	  start	  with	  the	  structures.	  Regarding	  
the	  structures,	  the	  drilled	  shafts	  are	  the	  first	  step.	  	  
Drilled	  shafts	  
This	  bridge	  has	  three	  bents,	  therefore	  two	  spans.	  The	  two	  abutments	  have	  ten	  drilled	  
shafts,	  each	  of	   them	  with	  a	  diameter	  of	  48inches	   (1,22	  meters).	  The	   two	  abutments	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have	  as	  well	  one	  extra	  drilled	  shaft	  for	  the	  wingwall.	  This	  drilled	  shaft	  for	  the	  wingwall	  
has	   a	   smaller	   diameter	   of	   18	   inches	   (0,46	  meters).	   The	  middle	   bent	   has	   as	  well	   ten	  
drilled	  shafts.	  These	  ones	  have	  60	   inches	   (1.52	  meters)	  of	  diameter.	  The	  cage	  of	   the	  
drilled	  shafts	  has	   to	  have	  a	  minimum	  penetration	   into	   the	  shale.	  For	   this	  bridge,	   the	  
minimum	  embedment	   is	  of	  14	  feet	  (4.27	  meters)	   for	  drilled	  shafts	   in	  abutment	  1,	  25	  
feet	   (7,62	  meters)	   for	   the	  ones	   in	   the	  bent	  and	  13	   feet	   (3,96	  meters)	   for	   the	  drilled	  
shafts	  in	  abutment	  3.	  The	  penetration	  for	  the	  wingwall	  drilled	  shaft	  is	  less	  than	  for	  the	  
rest,	  it	  is	  about	  5	  feet	  (1,52	  meters).	  The	  length	  of	  the	  drilled	  shafts	  is	  between	  48	  and	  
50	  feet	  (19,6	  meters)	  for	  the	  ones	  in	  the	  abutments,	  41	  feet	  (12,5	  meters)	  for	  the	  ones	  
in	  the	  wingwalls	  and	  of	  60	  feet	  (18,3	  meters)	  for	  the	  ones	  in	  the	  bent.	  However,	  while	  
drilling,	   this	   length	   might	   change,	   depending	   if	   the	   shale	   is	   found	   at	   the	   expected	  
depth	  or	  not.	  
The	  rebar	  cage	  of	  the	  drilled	  shafts	  is	  composed	  of	  14	  bars	  number	  #11	  for	  the	  48	  inch	  
(1,22	  meters)	  D.S.	  with	  spiral	  #3	  at	  6	  inch	  (0,15	  meters)	  pitch	  all	  along	  the	  way.	  	  
	  
	  
	  
	  
	  
	  
	  
Picture	  3:	  48	  inch	  drilled	  shaft	  section	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For	  the	  60	  inch	  (1,52	  meters)	  drilled	  shafts,	  the	  rebar	  cage	  is	  composed	  of	  38	  number	  
#11	  bundled	  bars	  with	  #4	  spiral	  all	  along	  the	  way.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
The	  wingwall	  drilled	  shaft	  calls	  for	  a	  cage	  composed	  of	  6	  bars	  number	  #6	  and	  spiral	  #3	  
all	  along	  it.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Picture	  4:	  60	  inch	  drilled	  shaft	  section	  
Picture	  5:	  18	  inch	  drilled	  shaft	  section	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Retaining	  walls	  
As	  the	  manage	  lanes	  run	  under	  the	  existing	  ground,	  there	  are	  retaining	  walls	  on	  both	  
sides	  of	  the	  manage	  lanes.	  Moreover,	  both	  abutments	  of	  the	  bridge	  are	  embanked	  by	  
the	  MSE	  wall	  backfill.	  	  Due	  to	  this,	  the	  abutments	  are	  built	  in	  two	  phases.	  On	  the	  first	  
step,	  the	  shafts	  are	  drilled.	  After	  that,	  the	  drilled	  shaft	  extensions.	  Those	  are	  built	  the	  
same	  way	  as	  columns,	  the	  only	  difference	  is	  that	  at	  the	  end	  the	  drilled	  shaft	  extensions	  
will	   be	   covered	   by	   the	   retaining	   wall	   backfill.	   Once	   the	   extensions	   are	   casted,	   the	  
construction	  of	   the	   retaining	  wall	   takes	  place.	   First	  of	   all,	   the	   soil	   needs	   to	  be	  proof	  
rolled.	  Once	  it	  is	  approved,	  the	  leveling	  pad	  is	  built	  and	  then	  it	  is	  just	  a	  matter	  of	  time	  
until	  all	  the	  panels	  are	  set	  and	  the	  entire	  wall	  is	  backfilled.	  Afterwards,	  the	  abutment	  
and	  the	  wingwalls	  are	  built.	  	  
	  
	  
Structures	  	  
For	  the	  bent	  is	  easier,	  after	  the	  drilled	  shafts,	  the	  columns	  are	  casted	  and	  then	  the	  cap.	  
Furthermore,	  the	  diameter	  of	  the	  columns	   is	  the	  same	  as	   in	  the	  drilled	  shafts,	  which	  
makes	   the	   procedure	   a	   little	   bit	   easier.	   Otherwise,	   if	   the	   column	   has	   a	   smaller	  
diameter	  than	  the	  drilled	  shaft,	  there	  is	  extra	  rebar	  to	  be	  used	  (the	  dowel	  package)	  in	  
order	  to	  connect	  the	  drilled	  shafts	  and	  the	  column.	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Arrived	  to	  this	  point,	  it	  is	  time	  to	  set	  the	  girders.	  This	  bridge	  has	  48	  beams,	  24	  per	  span	  
of	  a	  length	  of	  60,5	  feet.	  This	  bridge	  calls	  for	  beams	  Tx28.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	   	  
	  
	  
	  
	  
	  
	  
	  
Bearing	  pads	  cannot	  be	  forgotten	  to	  set	  before	  setting	  girders.	  Girders	  are	  picked	  up	  
by	   cranes	   and	   then	   placed	   on	   top	   of	   the	   bearing	   pads.	   The	   whole	   beam	   setting	  
operation	  needs	  a	  lot	  of	  preparation,	  mostly	  from	  the	  traffic	  control	  point	  view.	  Every	  
beam	  comes	  in	  one	  truck	  and	  therefore	  a	  lot	  of	  coordination	  is	  needed	  so	  that	  traffic	  is	  
not	  blocked.	  	  
Picture	  6:	  Framing	  Plan	  
	   9	  
Once	  the	  girders	  are	  set,	   it	   is	   time	  for	   the	  precast	  concrete	  panels	   (PCP),	  permanent	  
metal	  deck	  force	  (PMDFs)	  and	  overhangs.	   In	  the	  areas	  where	  PCPs	  are	  used,	  there	   is	  
one	   level	   of	   rebar	   for	   the	  deck.	  On	   the	  other	   hand,	   for	   the	   areas	  where	  PMDFs	   are	  
used,	  there	  are	  two	  levels	  of	  rebar	  for	  the	  deck.	  PCPs	  are	  easier	  and	  faster	  to	  set	  than	  
PMDFs,	  however,	  there	  are	  some	  areas	  that	  PCPs	  cannot	  be	  installed.	  PMDFs	  need	  to	  
be	  welded	  to	  the	  beams	  and	  therefore	  take	  longer	  to	  set.	  The	  reason	  why	  PCPs	  cannot	  
be	   installed	   in	   some	   areas	   is	   because	   of	   the	   geometry.	   PCPs	   have	   a	   rectangular	  
geometry,	   therefore	   if	   the	  area	   is	  not	   rectangular	   then	   they	   cannot	  be	   installed	  and	  
PMDFs	  have	  to	  be	  set	  instead.	  
This	   bridge	   has	   another	   particularity,	   which	   is	   that	   it	   has	   two	   columns	   from	   the	  
general-­‐purpose	  lanes	  that	  run	  above	  it,	  that	  go	  through	  it.	  In	  order	  to	  have	  a	  clearer	  
view	  of	  this	  peculiarity,	  let’s	  take	  a	  look	  to	  the	  northbound	  slab	  layout:	  
	  
	  
	  
	  
	  
	  
	  
	  
Picture	  7:	  Overview	  of	  the	  slab	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As	  it	  is	  shown	  in	  the	  pictures	  above,	  there	  is	  a	  median	  that	  splits	  the	  northbound	  into	  
the	  actual	  northbound	  lanes	  and	  the	  eastbound	  to	  westbound	  u-­‐turn	  lanes.	  It	  is	  in	  that	  
median	  that	  one	  of	  the	  columns	  from	  the	  general-­‐purpose	  lanes	  bridge	  goes	  through	  
the	  Webb	  Chapel	  road	  bridge.	  	  
PCPs	  are	  set	  in	  between	  the	  beams,	  as	  shown	  in	  the	  following	  picture.	  On	  top	  of	  these	  
panels,	  the	  deck	  rebar	  will	  be	  installed.	  It	  can	  be	  seen	  in	  the	  picture	  below,	  that	  there	  
is	  only	  one	  line	  of	  rebar	  for	  the	  deck	  in	  this	  area.	  
	  
Picture	  8:	  transverse	  section	  
As	  mentioned	   earlier,	   there	   are	   some	   areas	   that	   PCPs	   cannot	   be	   installed.	   In	   these	  
areas,	  PMDFs	  have	  to	  be	  set	  instead.	  	  
	  
	  
	  
	  
	  
	  
	  
Picture	  9:	  	  Example	  of	  PCPs	  and	  PMDFs	  of	  another	  bridge	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The	  overhang,	  which	  is	  the	  part	  that	  goes	  from	  the	  exterior	  beams	  to	  the	  actual	  end	  of	  
the	  deck,	  has	  neither	  PCPs	  nor	  PMDFs,	  has	  wooden	   forms.	  There	   is	  2.750	   feet	   (0,84	  
meters)	  of	  overhang	  on	  the	  left	  part	  of	  the	  bridge	  and	  3.505	  feet	  (1,07	  meters)	  on	  the	  
right	  part.	  
	  
	  
	  
	   	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Picture	  10:	  Transverse	  section	  
Picture	  11:	  Example	  of	  the	  overhangs	  from	  another	  bridge	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The	  PMDFs	  are	  used	  as	  well	   in	  the	  area	  of	  the	  median	  as	  it	   is	  shown	  in	  the	  following	  
picture.	  
	  
	  
	  
	  
As	  the	  girder	  skew	  is	  about	  -­‐16	  deg,	   in	  the	  space	  where	  the	  beams	  connect	  with	  the	  
caps	  from	  the	  bent	  and	  the	  abutments,	  PMDFs	  are	  also	  installed.	  Let’s	  take	  a	  look	  to	  a	  
similar	  case:	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Picture	  12:	  Transverse	  section	  
Picture	  8:	  Example	  of	  PMDFs	  when	  girder	  has	  skew	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As	  stated	  earlier,	  there	  is	  one	  column	  that	  goes	  through	  the	  bridge	  in	  the	  northbound	  
median	  and	  another	  one	  that	  goes	  through	  the	  bridge	  in	  the	  southbound	  median.	  Let’s	  
take	  a	  look	  to	  the	  sections	  in	  that	  specific	  part.	  
	  
	  
	  
	  
	  
	  
	  
As	   it	   is	   shown	   in	   this	   section,	   there	   is	   an	   opening	   of	   five	   feet	   and	   two	   inches	   (1,56	  
meters)	   in	  order	  to	   let	  enough	  space	  for	   the	  column.	   In	  order	  to	  protect	   the	  column	  
from	  any	  collision	  from	  traffic,	  there	  is	  a	  crash	  wall	  around	  the	  column.	  	  
	  
Picture	  16:	  Crash	  wall	  drawing	  
	  
Picture	  15:	  Transverse	  Section	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Once	  this	  point	  of	  construction	  is	  reached,	  what	  is	  left	  is	  to	  set	  the	  rebar	  for	  the	  deck	  
and	  after	  that	  pour	  the	  deck.	  In	  the	  areas	  where	  PCPs	  have	  been	  installed,	  there	  is	  only	  
one	  level	  of	  rebar,	  and	  in	  the	  areas	  where	  PMDFs	  have	  been	  installed	  there	  are	  two	  
levels	  of	  rebar.	  	  
However,	  many	  things	  need	  to	  be	  check	  before	  the	  pour	  of	  the	  deck.	  First	  of	  all,	  check	  
that	  all	  the	  rebar	  is	  tied	  correctly	  and	  that	  the	  spacers	  are	  set	  where	  they	  need	  to	  be.	  
Furthermore,	  if	  the	  rebar	  used	  is	  epoxy,	  the	  steel	  used	  for	  the	  spacer	  should	  be	  epoxy	  
as	  well	  in	  order	  not	  to	  damage	  the	  epoxy	  ones.	  Last	  but	  not	  least,	  before	  pouring	  a	  dry	  
run	  will	  have	  to	  be	  done.	  The	  dry	  run	  is	  made	  with	  the	  bidwell	  and	  the	  purpose	  of	  it	  is	  
to	   check	   that	   the	  elevations	  of	   the	  PCPs,	   and	   rebar	  are	   correct	   in	  order	   to	  have	   the	  
correct	  thickness	  of	  concrete	  in	  the	  deck.	  
	  
Picture	  9:	  Bidwell	  on	  top	  of	  bridge	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Once	  all	   these	  things	  are	  checked,	  the	  bridge	   is	  ready	  for	  the	  deck	  pour.	  Two	  pumps	  
will	  be	  needed	  to	  pour	  the	  concrete	  in	  the	  deck.	  There	  will	  be	  one	  pump	  on	  each	  side	  
of	  the	  bridge.	  The	  bidwell	  and	  labors	  will	  accommodate	  all	  the	  concrete.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
All	  the	  aforementioned	  phases	  of	  construction	  are	  regarding	  the	  bridge	  construction,	  
which	  is	  our	  primary	  concern.	  However,	  in	  order	  to	  be	  able	  to	  put	  traffic	  on	  top	  of	  the	  
Webb	  Chapel	  Bridge,	  the	  road	  construction	  of	  the	  roads	  tying	  with	  the	  bridge	  need	  to	  
happen	  as	  well.	  
Picture	  10:	  Pouring	  of	  the	  deck	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Environmental	  	  
The	   LBJ	   project	   has	   an	   internal	   department	   in	   charge	   of	   controlling	   the	  environmental	  impact	  that	  construction	  causes.	  The	  goal	  of	  this	  annex	  is	  to	  explain	  all	   the	   environmental	   measures	   that	   need	   to	   be	   taken	   in	   order	   to	   impact	   the	  environment	  as	  little	  as	  possible.	  
The	  environmental	  department	  has	  one	  protocol	  that	   is	  very	  important	  and	  need	  to	  be	  followed	  at	  every	  time	  in	  the	  field.	  This	  protocol	   is	  the	  SW3P.	  SW3P	  stands	  for	  storm	  water	  pollution	  prevention	  plan.	  Inside	  that	  protocol	  there	  is	  a	  term	  that	  is	  used	  a	  lot	  for	  the	  water	  pollution	  control.	  This	  term	  is	  the	  BMP,	  which	  stands	  for	  best	  management	  practices.	  	  	  	  
Regarding	  this	  protocol,	  the	  first	  concern	  and	  one	  of	  the	  most	  important	  ones	  is	  to	  protect	   the	  storm	  drains	  of	   the	  city.	  This	  project	   takes	  place	   in	   the	  middle	  of	   the	  city	  and	  therefore	  there	  is	  lot	  of	  existing	  inlets	  and	  other	  drainage	  entrances.	  It	  is	  very	  important	  to	  avoid	  any	  sediment	  or	  debris	  coming	  from	  construction	  to	  enter	  the	  inlets.	  In	  the	  interest	  of	  keeping	  the	  entire	  storm	  drains	  free	  of	  sediments	  and	  construction	  debris,	  sediment	  logs	  will	  be	  used.	  	  
	  
	  
	  
	  
Picture	  1:	  Sediment	  log	  protecting	  inlet	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If	   the	   storm	  drain	   is	   surrounded	   by	   vegetation,	   the	   vegetation	   protects	   the	   inlet	  from	  any	  sediment	  or	  debris.	   	  However,	   if	   the	   topsoil	   is	  going	   to	  be	  removed	   for	  construction	  purposes,	  that	  storm	  drain	  needs	  to	  be	  protected	  with	  silt	  fence.	  
	  
	  
	  
	  
	  
	  
	  
A	  rock	  berm	  can	  also	  be	  built	  around	  the	  inlet	  but	  it	  is	  much	  expensive	  and	  most	  of	  times	  not	  necessary.	  	  
	  
	  
	  
	  
	  
	  
Picture	  2:	  Silt	  fence	  protecting	  inlet	  
Picture	  3:	  Rock	  berm	  protecting	  inlet	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Another	   important	   concern	   is	   to	   keep	   the	   existing	   roads	   free	   of	   sediments.	   The	  best	  way	  of	  keeping	  sediments	  of	   the	   tracks	   is	   to	  have	  vegetation.	  However,	   in	  a	  construction	  site	  the	  vegetation	  is	  removed	  and	  therefore	  we	  need	  to	  apply	  SW3P	  protocol.	  The	  most	  common	  procedure	  is	  to	  install	  silt	  fence	  between	  the	  existing	  road	  and	  the	  construction	  site.	  
	  
	  
	  
	  
	  
	  
The	   vehicles	   running	   in	   the	   construction	   site	   can	   very	   easily	   track	  mud	   into	   the	  existing	  roads	  of	  traffic.	  Tracking	  mud	  into	  the	  road	  is	  also	  a	  big	  concern.	  Not	  only	  for	  environmental	  purposes	  but	  also	  to	  avoid	  safety	  issues.	  In	  order	  to	  avoid	  that,	  rock	  construction	  exists	  should	  be	  built	  at	  every	  place	  where	  construction	  vehicles	  exit	  the	  construction	  site.	  	  
	  
	  
	  
	  
	  
Picture	  4:	  Silt	  fence	  protecting	  the	  street	  
Picture	  5:	  Construction	  exit	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Subcontractor	  will	  have	  to	  have	  a	  sweeper	  on	  site,	   just	  in	  case	  mud	  is	  tracked	  on	  the	  roads.	  
	  
	  
	  
	  
	  
	  
There	  are	  no	  streams	  of	  water	  such	  as	  creeks	  or	  rivers	  close	   to	  our	  construction	  site	  of	   the	  Webb	  Chapel	  Bridge.	  This	   reduces	  a	   lot	   all	   the	  efforts	   that	  need	   to	  be	  dedicated	  to	  comply	  with	  the	  SW3P	  protocol.	  	  
Animals	  
As	   stated	   earlier,	   the	   Webb	   Chapel	   Bridge	   is	   located	   in	   the	   middle	   of	   the	   city.	  Therefore	   the	   odds	   of	   encountering	   any	  wild	   animals	   are	   very	   low.	   Birds	  would	  normally	  be	  our	   first	  concern.	   It	   is	  very	  typical	   to	  have	  birds’	  nests	   in	  a	   tree	  that	  needs	  to	  be	  removed	  or	  under	  a	  bridge	  that	  needs	  to	  be	  demolished.	  However,	  it	  is	  not	  a	  concern	  for	  us	  since	  there	  are	  no	  trees	  to	  be	  taken	  and	  there	  are	  no	  bridges	  to	  be	   demolished.	   In	   case	   of	   encountering	   any	   wildlife	   in	   our	   right	   of	   way	   for	   the	  construction	  of	  the	  bridge,	  we	  would	  have	  to	  stop	  any	  ongoing	  activity	  in	  conflict	  with	  the	  animal	  and	  notify	  the	  Texas	  Department	  of	  Transportation.	  
	  
Picture	  6:	  Sweeper	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Archaeological	  findings	  
If	   any	   archaeological	   findings	   were	   encountered	   while	   working	   on	   the	   bridge	  construction,	  all	  the	  activities	  would	  have	  to	  stop.	  	  A	  team	  of	  archeologists	  would	  have	  study	  all	  the	  finding	  and	  determine	  whether	  construction	  can	  proceed	  or	  not.	  	  
Hazardous	  materials	  
In	  the	  environmental	  department	  there	  is	  one	  person	  that	  is	   just	   in	  charge	  of	  the	  hazardous	  materials	  that	  may	  exist	   in	  the	  jobsite.	  The	  environmental	  department	  requires	  that	  every	  person	  that	  spends	  at	  least	  16	  hours	  per	  week	  in	  the	  field	  have	  to	  have	  a	  spill	  kit	   in	  the	  truck.	  This	  spill	  kit	  contains	  all	   the	  necessary	  equipment	  needed	  to	  control	  any	  possible	  spill	  that	  might	  happen	  in	  the	  jobsite.	  However,	  the	  containers	  in	  these	  spill	  kits	  have	  a	  limit	  of	  volume.	  They	  can	  store,	  normally	  about	  30	  gallons	   (114	   liters).	   The	  most	   common	   spills	   in	   a	   construction	   site	   are	  diesel	  spills.	  	  
	  
	  
	  
	  
	  
	  
	  
	   Picture	  7:	  Neopren	  Containers	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Other	  environmental	   issues	   that	  need	   to	   taken	   into	  account	  are	   the	  air	  pollution	  and	  noise.	  This	  project	  takes	  places	   in	  the	  middle	  of	  the	  city	  of	  Dallas.	  Therefore,	  there	   are	   a	   lot	   of	   businesses	   and	   residential	   areas	   that	   suffer	   these	   kind	   of	  consequences.	  	  
Dallas	   is	   situated	   in	  a	  very	  dry	  area,	  where	   in	   the	   summer	   the	   temperatures	  are	  constantly	  over	  the	  40ºC.	  Hence,	  everything	  is	  very	  dry	  and	  the	  production	  of	  dust	  coming	  from	  the	  construction	  activities	  is	  very	  high.	  In	  order	  to	  avoid	  this	  dust	  to	  become	  a	  problem,	  subcontractors	  will	  be	  responsible	  of	  watering	  certain	  areas	  of	  the	  work	   in	   order	   to	   humidify	   the	   area	   and	   reduce	   the	   production	   of	   dust.	   This	  problem	  does	  not	  occur	  the	  rest	  of	  the	  year	  since	  the	  weather	  is	  more	  humid	  and	  there	  is	  more	  precipitation.	  	  
In	   terms	   of	   the	   noise,	   certain	   activities	   such	   as	   the	   pavement	   demolition	   cannot	  happen	   at	   night	   due	   too	   all	   the	   residential	   areas	   that	   are	   in	   the	   nearby’s	   of	   the	  Webb	  Chapel	  Bridge.	  	  
	  
	  
Annex	  9.	  
Structural	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  The	  purpose	  of	  this	  annex	  is	  to	  find	  the	  right	  design	  for	  the	  different	  parts	  of	  the	  structure	  of	   the	  Webb	  Chapel	  Bridge.	  First	  of	  all,	   let’s	   talk	  about	   the	  geometry	  of	  the	  bridge.	  The	   length	  of	   the	  bridge	   is	  120	   feet	  and	  has	  a	  width	  of	  185	   feet.	   It	   is	  composed	   of	   two	   abutments	   and	   one	   bent	   in	   the	   center,	  we	   have	   therefore	   two	  spans.	  For	  more	  information	  about	  the	  geometry	  see	  attached	  annex	  9.4.	  
Deck	  and	  Beams	  	  The	  forces	  go	  from	  top	  to	  bottom,	  therefore	  we	  need	  to	  start	  designing	  from	  top	  to	  bottom	  as	  well.	  	  
Regarding	  the	  deck,	  in	  Texas	  all	  the	  decks	  are	  built	  according	  the	  TxDot	  standard	  that	  is	  in	  compliance	  with	  the	  AASHTO	  LRFD.	  This	  standard	  includes	  the	  steel	  that	  the	  deck	  needs,	  the	  precast	  panels	  and	  the	  overhangs.	  The	  minimum	  thickness	  of	  a	  concrete	  deck	  should	  not	  be	  less	  than	  7	  inches	  (0,18	  meters).	  In	  Texas	  the	  typical	  bridge	  deck	  has	  a	  thickness	  of	  8	  inches.	  The	  thickness	  for	  the	  overhangs	  according	  to	   the	   AASHTO	   LRFD	   should	   not	   be	   less	   than	   8	   inches.	   Having	   an	   overhang	  thickness	   one	   inch	   thicker	   than	   the	   deck	   thickness	   is	   the	   standard	   procedure	   in	  Texas.	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These	  are	  the	  materials	  and	  characteristics	  recommended	  by	  AASHTO:	  
	  
In	  terms	  of	  the	  design	  for	  the	  beams	  the	  PGSuper	  program	  has	  been	  used.	  PGSuper	  analyzes	   and	   designs	   precast	   concrete	   girders	   for	   all	   stages:	   casting,	   lifting,	  hauling,	   erection,	   service	   and	   ultimate	   condition.	   It	   determines	   the	   prestressing,	  concrete	  strength,	  lifting,	  transportation	  and	  slab	  haunch	  requirements.	  In	  order	  to	  get	  the	  program	  running,	  the	  first	  thing	  to	  do	  is	  to	  introduce	  the	  dimension	  of	  the	  bridge	  and	  the	  type	  of	  girders	  that	  we	  are	  using.	  After	  that,	  the	  forces	  to	  which	  the	  bridge	   is	   submitted	   to,	  have	   to	  be	  entered	  as	  well.	  These	   forces	  are	  according	   to	  
ASHTO.	  With	  that	  information,	  the	  PGSuper	  program	  is	  able	  to	  give	  us	  the	  stresses	  in	   the	  beams	  and	   in	   the	  deck.	  Furthermore,	   the	  program	  gives	  us	   the	  reaction	   in	  the	  bearing	  pads,	  which	  will	  allow	  us	  to	  keep	  our	  way	  down	  in	  the	  design.	  	  	  
The	  PGSuper	  runs	  five	  different	  scenarios	  needed	  to	  design	  the	  girder	  according	  to	  the	  AASHTO	  LRFD.	  These	  scenarios	  are:	  casting	  yard,	  deck	  and	  diaphragm	  placing,	  superimposed	  dead	  loads	  and	  final	  stage	  with	  live	  loads.	  The	  reports	  for	  each	  beam	  are	  attached	  in	  Annex	  9.1.	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It	  can	  be	  seen	  in	  the	  reports,	  that	  the	  girders	  pass	  all	  the	  different	  tests	  for	  all	  the	  different	  scenarios.	  	  
It	  can	  be	  seen	  as	  well,	  that	  the	  girder	  that	  is	  submitted	  to	  higher	  forces	  is	  beam	  G.	  In	  order	  to	  design	  the	  structure	  under	  the	  beams	  we	  are	  going	  to	  use	  the	  stresses	  that	  this	  beam	  G	  transmits	  to	  the	  bearing	  pads.	  	  
This	  numbers	  are	  shown	  in	  the	  following	  table	  and	  are	  also	  attached:	  
	  
We	   can	   see	   the	   maximum	   strength	   to	   which	   the	   bearing	   pads	   are	   submitted	   is	  197,33	  Kips.	  We	  will	  round	  it	  up	  to	  198	  just	  to	  be	  extra	  safe.	  There	  is	  more	  detailed	  information	  about	  the	  bearing	  pads	  in	  Annex	  9.3.	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Cap	  	  Once	  arrived	  at	  this	  point,	   let’s	  take	  a	  look	  to	  the	  cap	  design.	  As	  sated	  earlier,	  we	  will	  use	  the	  results	  obtained	  from	  the	  PGSuper	  at	  the	  bearing	  pads.	  In	  the	  picture	  below,	  we	  can	  see	  the	  loads	  that	  apply	  to	  the	  bent.	  We	  will	  study	  the	  bent	  as	  if	   it	  was	  a	  continuous	  beam.	  We	  can	  see	  that	  the	  forces	  applied	  are	  symmetrical.	  	  
	  	  
	  	  We	  can	  see	  that	  the	  maximum	  factorized	  load	  obtained	  from	  PGsuper	  is	  890	  KN.	  
	  	  	  	  
175KN	  175KN	   890KN	  890KN	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  We	  can	  now	  calculate	  the	  bending	  moment	  along	  the	  cap.	  
	  
Graphic	  1:	  Bending	  moment	  It	  can	  be	  seen	  from	  the	  graphic	  above	  that	  the	  bending	  moment	  min	  is	  -­‐3820	  m.KN,	  and	  the	  bending	  moment	  max	  is	  2270	  m.KN	  
Let’s	   take	   a	   look	   to	   the	   shear	   coming	   from	   the	   punctual	   loads	   and	   to	   the	  displacements	  (mm)	  as	  well.	  
	  
Graphic	  2:	  Shear	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We	  can	  observe	  in	  the	  graphic	  above	  that	  the	  maximum	  value	  for	  the	  shear	  is	  2450	  KN.	  
	  	  	  	  	  	  	  	  	  	  	  
• Capacity	  Chapter	  5	  from	  AASHTO	  is	  the	  one	  that	  applies	  for	  these	  calculations.	  Let’s	  take	  a	  look	  to	  the	  cross	  section	  of	  the	  cap	  and	  rebar	  in	  it.	  
	  
Graphic	  3:	  Displacements	  
	   9	  
	  
Picture	  1:	  Cross	  section	  of	  the	  cap	  Let’s	  calculate	  the	  capacity	  of	  the	  cap	  for	  positive	  and	  negative	  moments.	  
	  
Graphic	  4:	  Bending	  Moment	  
	  
Table	  1:	  Bar	  sizes	  
	   10	  
We	  can	  see	  that	  the	  capacity	  of	  the	  cap	  is	  816,08	  ton	  meter	  which	  is	  equivalent	  to	  8125	  KNmeter.	  We	  can	  affirm	  then	  that	  it	  resists.	  
Let’s	  consider	  now	  the	  shear	  capacity	  according	  to	  the	  information	  below.	  	  
	  
	  
	   11	  
	  We	  cans	  see	  from	  the	  shear	  obtained	  earlier	  and	  from	  the	  table	  above	  that	  our	  cap	  can	  bear	  the	  shear.	  
All	  in	  all,	  our	  cap	  section	  has	  enough	  capacity	  for	  the	  Webb	  Chapel	  Bridge.	  
	   12	  
Column	  Once	  to	  this	  point,	  it	  is	  time	  to	  start	  with	  the	  calculations	  for	  the	  column	  following	  AASHTO.	  In	  order	  to	  do	  that	  we	  are	  going	  to	  consider	  the	  following	  loads,	  braking,	  wind,	  temperature,	  shrinkage	  and	  creep.	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   14	  
	   15	  
	  
	  
	  
	   16	  
	  	  	  
	  	  	  
 Max	  Horizontal	  load,	  the	  mid	  column	  6	  bearing	  pads,	  total	  45	  Kips	  equal	  to	  202KN,	  vertical	  load	  1780KN	  
 	  
421	  el	  
481	  el	  
501	  el	  	  	  EEL	  
	   17	  
	  
	  
Graphic	  5:	  bending	  moment	  Max	  Bending	  Moment	  1682	  KN.m	  We	  obtain	  that	  the	  Minimum	  Vertical	  Load	  	  is	  1760KN	  
	  
	  	  
	   18	  
	  
Graphic	  6:	  Shear	  
	  
Graphic	  7:	  Displacement	  	  	  	  	  	  	  	  	  	  	  	  	  
	   19	  
Retaining	  Walls	  For	   the	   calculations	   for	   the	   retaining	   walls,	   refer	   to	   Annex	   9.1.	   As	   explained	   in	  another	  annex,	  in	  North	  Texas	  the	  company	  Reinforced	  Earth	  is	  the	  one	  supplying	  the	  walls.	  They	  make	  their	  own	  drawings	  and	  their	  own	  designs.	  It	  is	  not	  possible	  to	  change	  what	  they	  design.	  Therefore,	  for	  the	  calculation	  of	  the	  retaining	  walls,	  we	  have	  attached	  them	  in	  annex	  9.2.	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Library Usage
Master Library Publisher: Default libraries installed with PGSuper
Master Library File: C:\Program Files (x86)\WSDOT\PGSuper\WSDOT.lbr
Master Library Date Stamp: June 14, 2013 5:10:57 pm
Notes
Status Items
Connections I Girders CIP INT BENT Project Library
Girders Tx28 Dressing (40+10) Project Library
Traffic Barriers SSTR Project Library
Project Criteria AASHTO LRFD Bridge Design Specifications - US Units Project Library
Vehicular Live Load HL93-TRUCK Project Library
Load Rating Criteria AASHTO Manual for Bridge Evaluation Project Library
Library Entry Source
Lg Length of Girder
Ls Length of Span
FoS Face of Support
Debond Point where bond begins for a debonded strand
PSXFR Point of prestress transfer
CS Critical Section for Shear
H H from end of girder or face of support
1.5H 1.5H from end of girder or face of support
HP Harp Point
Pick Point Support point where girder is lifted from form
Bunk Point Point where girder is supported during transportation
Symbol Definition
Warning Vertical curve 1 is a zero length curve.
Info Ranges of Applicability for Load Distribution Factor Equations are to be Ignored.
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Bearing Design Parameters
* Live Load values are per girder and do not include impact.
(D0) LRFD Design Truck + Lane
(D1) LRFD Design Tandem + Lane
(D2) HL93-TRUCK
(P0) LRFD Design Truck + Lane
(P1) LRFD Design Tandem + Lane
(F0) LRFD Fatigue Truck
* Live Load values are per girder and do not include impact.
* Live Load values are per girder and include impact.
Girder Bearing Reactions
Abutment 1 18.23 0.00 11.47 5.93 7.54 0.00 0.00 65.20
(D0)
0.00
(D0)
28.80
(F0)
0.00
(F0)
65.20
(P0)
0.00
(P0)
Abutment 2 18.23 0.00 11.47 5.93 7.54 0.00 0.00 65.20
(D0)
0.00
(D0)
28.80
(F0)
0.00
(F0)
65.20
(P0)
0.00
(P0)
Girder
(kip)
Diaphragm
(kip)
Slab
(kip)
Haunch
(kip)
Deck
Panel
(kip)
Traffic
Barrier
(kip)
Overlay
(kip)
* Design Live Load * Fatigue Live Load * Permit Live Load
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Girder Bearing Reactions
Abutment 1 0.00 0.00 43.17 0.00
Abutment 2 0.00 0.00 43.17 0.00
DC
(kip)
DW
(kip)
?DC
(kip)
?DW
(kip)
Girder Bearing Reactions - Design 
Vehicles (Without Impact)
Abutment 1 65.20 0.00 28.80 0.00 65.20 0.00
Abutment 2 65.20 0.00 28.80 0.00 65.20 0.00
Total Live Load
* LL Design * LL Fatigue * LL Permit
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Girder Bearing Reactions (Without Impact)
Abutment 1 108.37 95.33 64.78 168.06 38.86 141.98 38.86
Abutment 2 108.37 95.33 64.78 168.06 38.86 141.98 38.86
Design
Service I
(kip)
Service III
(kip)
Fatigue I
(kip)
Strength I Strength II
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Girder Bearing Reactions - Design Vehicles 
(Including Impact)
Abutment 1 81.63 0.00 33.12 0.00 65.20 0.00
Abutment 2 81.63 0.00 33.12 0.00 65.20 0.00
Total Live Load
* LL+IM Design * LL+IM Fatigue * LL+IM Permit
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Girder Bearing Reactions (Including Impact)
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* Live Load values are per girder and do not include impact.
(D0) LRFD Design Truck + Lane
(D1) LRFD Design Tandem + Lane
(D2) HL93-TRUCK
(P0) LRFD Design Truck + Lane
(P1) LRFD Design Tandem + Lane
(F0) LRFD Fatigue Truck
* Live Load values are per girder and do not include impact.
W and D are assumed typical values
Abutment 1 124.81 108.48 71.26 196.83 38.86 141.98 38.86
Abutment 2 124.81 108.48 71.26 196.83 38.86 141.98 38.86
Design
Service I
(kip)
Service III
(kip)
Fatigue I
(kip)
Strength I Strength II
Max
(kip)
Min
(kip)
Max
(kip)
Min
(kip)
Rotations
Abutment 
1
-0.003 0.000 -0.002 -0.001 -0.001 0.000 0.000 0.000
(D0)
-0.002
(D0)
0.000
(F0)
-0.001
(F0)
0.000
(P0)
-0.002
(P0)
0.000
(R0)
-0.002
(R0)
0.000
(S0)
-0.001
(S1)
Abutment 
2
0.003 0.000 0.002 0.001 0.001 0.000 0.000 0.002
(D0)
0.000
(D0)
0.001
(F0)
0.000
(F0)
0.002
(P0)
0.000
(P0)
0.002
(R0)
0.000
(R0)
0.001
(S1)
0.000
(S0)
Girder
(rad)
Diaphragm
(rad)
Slab
(rad)
Haunch
(rad)
Deck
Panel
(rad)
Traffic
Barrier
(rad)
Overlay
(rad)
* Design 
Live Load
* Fatigue 
Live Load
* Permit Live 
Load
* Legal 
Routine
* Legal 
Special
Max
(rad)
Min
(rad)
Max
(rad)
Min
(rad)
Max
(rad)
Min
(rad)
Max
(rad)
Min
(rad)
Max
(rad)
Min
(rad)
Rotation due to 
Excess Camber
Abutment 1 0.0143
Abutment 2 -0.0143
Rotation
(rad)
Corresponding Live Load Bearing Reactions and 
Rotations
Abutment 1 65.20 -0.001 0.00 0.000 0.000 0.00 -0.002 32.31
Abutment 2 65.20 0.001 0.00 0.000 0.002 32.31 0.000 0.00
* Reactions * Rotations
RMax
(kip)
?
(rad)
RMin
(kip)
?
(rad)
?Max
(rad)
R
(kip)
?Min
(rad)
R
(kip)
Bearing Geometry (based on assumed values)
Abutment 1 0.0300 0.0143 0.0443 1'-0" 1/2"
3/4"
1/4"
Abutment 2 0.0300 -0.0143 0.0157 1'-0" 1/2"
5/8"
3/8"
Girder
Slope
(ft/ft)
Excess
Camber
Slope
(ft/ft)
Bearing
Recess
Slope
(ft/ft)
W D D1 D2
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Bridge Name BRIDGE 33
Bridge ID 33
Company TRINITY INFRASTRUCTURE LLC
Engineer BIBASH BARTAULA
Job Number #0033
Comments
File \\psf\Home\Library\Containers\com.apple.mail\Data\Library\Mail Downloads\22A830E5-98D9-4754-8DCA-71650903F972\Bridge 33.pgs
Page 1 of 6
Bridge: BRIDGE 33 Job: #0033 2/15/2015
Library Usage
Master Library Publisher: Default libraries installed with PGSuper
Master Library File: C:\Program Files (x86)\WSDOT\PGSuper\WSDOT.lbr
Master Library Date Stamp: June 14, 2013 5:10:57 pm
Notes
Status Items
Connections I Girders CIP INT BENT Project Library
Girders Tx28 Dressing (40+10) Project Library
Traffic Barriers SSTR Project Library
Project Criteria AASHTO LRFD Bridge Design Specifications - US Units Project Library
Vehicular Live Load HL93-TRUCK Project Library
Load Rating Criteria AASHTO Manual for Bridge Evaluation Project Library
Library Entry Source
Lg Length of Girder
Ls Length of Span
FoS Face of Support
Debond Point where bond begins for a debonded strand
PSXFR Point of prestress transfer
CS Critical Section for Shear
H H from end of girder or face of support
1.5H 1.5H from end of girder or face of support
HP Harp Point
Pick Point Support point where girder is lifted from form
Bunk Point Point where girder is supported during transportation
Symbol Definition
Warning Vertical curve 1 is a zero length curve.
Info Ranges of Applicability for Load Distribution Factor Equations are to be Ignored.
Level Description
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Alignment
Alignment Details
Direction: N 0° 54' 20.05" E
Ref. Point: 0+00.00 (E (X) 0.000, N (Y) 0.000)
Profile Details
Station: 65+00.00
Elevation: 522.010 ft
Grade: 3%
Deck Elevations
Deck Elevations over Girder Webs
Notes
Web Offsets are measured from and normal to the centerline girder
Station, normal offset, and deck elevations are given for 10th points between bearings
Vertical Curve Data
BVC Station
BVC Elevation
PVI Station 65+00.00
PVI Elevation 522.010 ft
EVC Station
EVC Elevation
Entry Grade 3%
Exit Grade -3.09%
L1
L2
Length
High Pt Station
High Pt Elevation
Low Pt Station
Low Pt Elevation
Curve Parameters Curve 1
Superelevation Details
1 0+00.00 0 0 0.000 
Section Station Left Slope
(ft/ft)
Right Slope
(ft/ft)
Crown Point Offset
(ft)
Span 1 
A 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+37.35 19+43.20 19+49.04 19+54.88 19+60.72 19+66.56 19+72.40 19+78.25 19+84.09 19+89.93 19+95.77
Offset (ft) 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R 2.792 R
Elev (ft) 385.131 385.306 385.481 385.656 385.832 386.007 386.182 386.357 386.533 386.708 386.883
B 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+39.54 19+45.38 19+51.22 19+57.06 19+62.91 19+68.75 19+74.59 19+80.43 19+86.27 19+92.11 19+97.96
Offset (ft) 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R 10.289 R
Elev (ft) 385.196 385.371 385.547 385.722 385.897 386.072 386.248 386.423 386.598 386.773 386.949
C 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+41.72 19+47.56 19+53.41 19+59.25 19+65.09 19+70.93 19+76.77 19+82.61 19+88.46 19+94.30 20+00.14
Offset (ft) 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R 17.787 R
Elev (ft) 385.262 385.437 385.612 385.787 385.963 386.138 386.313 386.488 386.664 386.839 387.014
D 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+43.91 19+49.75 19+55.59 19+61.43 19+67.27 19+73.11 19+78.96 19+84.80 19+90.64 19+96.48 20+02.32
Offset (ft) 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R 25.284 R
Elev (ft) 385.327 385.502 385.678 385.853 386.028 386.203 386.379 386.554 386.729 386.904 387.080
E 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+46.09 19+51.93 19+57.77 19+63.62 19+69.46 19+75.30 19+81.14 19+86.98 19+92.82 19+98.67 20+04.51
Offset (ft) 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R 32.782 R
Elev (ft) 385.393 385.568 385.743 385.918 386.094 386.269 386.444 386.619 386.795 386.970 387.145
F 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+48.27 19+54.12 19+59.96 19+65.80 19+71.64 19+77.48 19+83.32 19+89.17 19+95.01 20+00.85 20+06.69
Offset (ft) 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R 40.279 R
Elev (ft) 385.458 385.633 385.809 385.984 386.159 386.334 386.510 386.685 386.860 387.035 387.211
G 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Girder Web CL Brg 0.1Ls 0.2Ls 0.3Ls 0.4Ls 0.5Ls 0.6Ls 0.7Ls 0.8Ls 0.9Ls CL Brg
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Pier Geometry
Pier Layout
Girder Geometry
Girder Points
Girder Offsets
Station 19+50.46 19+56.30 19+62.14 19+67.98 19+73.82 19+79.67 19+85.51 19+91.35 19+97.19 20+03.03 20+08.87
Offset (ft) 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R 47.776 R
Elev (ft) 385.524 385.699 385.874 386.049 386.225 386.400 386.575 386.750 386.926 387.101 387.276
H 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+52.64 19+58.48 19+64.33 19+70.17 19+76.01 19+81.85 19+87.69 19+93.53 19+99.38 20+05.22 20+11.06
Offset (ft) 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R 55.274 R
Elev (ft) 385.589 385.765 385.940 386.115 386.290 386.466 386.641 386.816 386.991 387.167 387.342
I 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+55.69 19+61.53 19+67.37 19+73.21 19+79.05 19+84.90 19+90.74 19+96.58 20+02.42 20+08.26 20+14.10
Offset (ft) 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R 65.731 R
Elev (ft) 385.681 385.856 386.031 386.206 386.382 386.557 386.732 386.907 387.083 387.258 387.433
J 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+57.95 19+63.79 19+69.63 19+75.47 19+81.31 19+87.16 19+93.00 19+98.84 20+04.68 20+10.52 20+16.36
Offset (ft) 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R 73.489 R
Elev (ft) 385.748 385.924 386.099 386.274 386.449 386.625 386.800 386.975 387.150 387.326 387.501
K 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+60.21 19+66.05 19+71.89 19+77.73 19+83.57 19+89.42 19+95.26 20+01.10 20+06.94 20+12.78 20+18.62
Offset (ft) 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R 81.247 R
Elev (ft) 385.816 385.991 386.167 386.342 386.517 386.692 386.868 387.043 387.218 387.393 387.569
L 1 Web Offset (ft) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Station 19+62.47 19+68.31 19+74.15 19+79.99 19+85.83 19+91.68 19+97.52 20+03.36 20+09.20 20+15.04 20+20.88
Offset (ft) 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R 89.004 R
Elev (ft) 385.884 386.059 386.234 386.410 386.585 386.760 386.936 387.111 387.286 387.461 387.637
Girder Web CL Brg 0.1Ls 0.2Ls 0.3Ls 0.4Ls 0.5Ls 0.6Ls 0.7Ls 0.8Ls 0.9Ls CL Brg
Abutment 1 19+35.50 S 74° 39' 57.00" W 16° 14' 23.05" L 30.590 1935.258 385.075
Abutment 2 19+96.00 S 74° 39' 57.00" W 16° 14' 23.05" L 31.546 1995.751 386.890
Station Bearing Skew Angle Alignment Intersection
East
(X)
North
(Y)
Elev
(ft)
Span 1 
A 33.394 1936.027 385.099 33.400 1936.374 385.110 33.411 1937.069 385.131 34.334 1995.478 386.883 34.345 1996.173 386.904 34.350 1996.520 386.914
B 40.925 1938.092 385.165 40.931 1938.439 385.175 40.942 1939.134 385.196 41.865 1997.543 386.949 41.876 1998.238 386.969 41.881 1998.585 386.980
C 48.456 1940.157 385.230 48.462 1940.505 385.241 48.473 1941.199 385.262 49.396 1999.608 387.014 49.407 2000.303 387.035 49.412 2000.650 387.045
D 55.987 1942.223 385.296 55.993 1942.570 385.306 56.004 1943.264 385.327 56.927 2001.674 387.080 56.938 2002.368 387.101 56.943 2002.715 387.111
E 63.518 1944.288 385.361 63.524 1944.635 385.372 63.535 1945.329 385.393 64.458 2003.739 387.145 64.469 2004.433 387.166 64.474 2004.780 387.176
F 71.049 1946.353 385.427 71.055 1946.700 385.437 71.066 1947.394 385.458 71.989 2005.804 387.211 72.000 2006.498 387.232 72.005 2006.845 387.242
G 78.580 1948.418 385.492 78.586 1948.765 385.503 78.597 1949.459 385.524 79.520 2007.869 387.276 79.531 2008.563 387.297 79.536 2008.910 387.307
H 86.111 1950.483 385.558 86.117 1950.830 385.568 86.128 1951.524 385.589 87.051 2009.934 387.342 87.062 2010.628 387.363 87.067 2010.975 387.373
I 96.615 1953.363 385.649 96.621 1953.710 385.660 96.632 1954.405 385.681 97.555 2012.814 387.433 97.566 2013.508 387.454 97.572 2013.856 387.464
J 104.408 1955.500 385.717 104.413 1955.847 385.728 104.424 1956.541 385.748 105.347 2014.951 387.501 105.358 2015.645 387.522 105.364 2015.992 387.532
K 112.200 1957.637 385.785 112.206 1957.984 385.795 112.217 1958.678 385.816 113.140 2017.088 387.569 113.151 2017.782 387.590 113.156 2018.129 387.600
L 119.992 1959.773 385.853 119.998 1960.121 385.863 120.009 1960.815 385.884 120.932 2019.224 387.637 120.943 2019.919 387.657 120.949 2020.266 387.668
Girder Start of Girder End of Girder
CL Pier Girder End CL Bearing CL Bearing Girder End CL Pier
East
(X)
North
(Y)
Deck 
Elev
(ft)
East
(X)
North
(Y)
Deck 
Elev
(ft)
East
(X)
North
(Y)
Deck 
Elev
(ft)
East
(X)
North
(Y)
Deck 
Elev
(ft)
East
(X)
North
(Y)
Deck 
Elev
(ft)
East
(X)
North
(Y)
Deck 
Elev
(ft)
Span 1 
A 19+36.31 2.792 385.099 19+36.66 2.792 385.110 19+37.35 2.792 385.131 19+95.77 2.792 386.883 19+96.47 2.792 386.904 19+96.81 2.792 386.914
Girder Start of Girder End of Girder
CL Pier Girder End CL Bearing CL Bearing Girder End CL Pier
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
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Girder Spacing
? to Alignment: spacing is measured along a line that is normal to the alignment and passes through the point where the CL Pier or CL Brg intersect the alignment.
Girder Ends
R R R R R R
B 19+38.50 10.289 
R
385.165 19+38.84 10.289 
R
385.175 19+39.54 10.289 
R
385.196 19+97.96 10.289 
R
386.949 19+98.65 10.289 
R
386.969 19+99.00 10.289 
R
386.980
C 19+40.68 17.787 
R
385.230 19+41.03 17.787 
R
385.241 19+41.72 17.787 
R
385.262 20+00.14 17.787 
R
387.014 20+00.83 17.787 
R
387.035 20+01.18 17.787 
R
387.045
D 19+42.86 25.284 
R
385.296 19+43.21 25.284 
R
385.306 19+43.91 25.284 
R
385.327 20+02.32 25.284 
R
387.080 20+03.02 25.284 
R
387.101 20+03.36 25.284 
R
387.111
E 19+45.05 32.782 
R
385.361 19+45.40 32.782 
R
385.372 19+46.09 32.782 
R
385.393 20+04.51 32.782 
R
387.145 20+05.20 32.782 
R
387.166 20+05.55 32.782 
R
387.176
F 19+47.23 40.279 
R
385.427 19+47.58 40.279 
R
385.437 19+48.27 40.279 
R
385.458 20+06.69 40.279 
R
387.211 20+07.39 40.279 
R
387.232 20+07.73 40.279 
R
387.242
G 19+49.42 47.776 
R
385.492 19+49.76 47.776 
R
385.503 19+50.46 47.776 
R
385.524 20+08.87 47.776 
R
387.276 20+09.57 47.776 
R
387.297 20+09.92 47.776 
R
387.307
H 19+51.60 55.274 
R
385.558 19+51.95 55.274 
R
385.568 19+52.64 55.274 
R
385.589 20+11.06 55.274 
R
387.342 20+11.75 55.274 
R
387.363 20+12.10 55.274 
R
387.373
I 19+54.65 65.731 
R
385.649 19+54.99 65.731 
R
385.660 19+55.69 65.731 
R
385.681 20+14.10 65.731 
R
387.433 20+14.80 65.731 
R
387.454 20+15.15 65.731 
R
387.464
J 19+56.91 73.489 
R
385.717 19+57.25 73.489 
R
385.728 19+57.95 73.489 
R
385.748 20+16.36 73.489 
R
387.501 20+17.06 73.489 
R
387.522 20+17.41 73.489 
R
387.532
K 19+59.17 81.247 
R
385.785 19+59.51 81.247 
R
385.795 19+60.21 81.247 
R
385.816 20+18.62 81.247 
R
387.569 20+19.32 81.247 
R
387.590 20+19.67 81.247 
R
387.600
L 19+61.43 89.004 
R
385.853 19+61.77 89.004 
R
385.863 19+62.47 89.004 
R
385.884 20+20.88 89.004 
R
387.637 20+21.58 89.004 
R
387.657 20+21.93 89.004 
R
387.668
Girder Start of Girder End of Girder
CL Pier Girder End CL Bearing CL Bearing Girder End CL Pier
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Station Offset
(ft)
Deck 
Elev
(ft)
Span 1 
A 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
B 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
C 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
D 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
E 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
F 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
G 106° 14' 23.05" 106° 14' 23.05"
7.497 7.809 7.497 7.809 7.497 7.809 7.497 7.809
H 106° 14' 23.05" 106° 14' 23.05"
10.457 10.892 10.457 10.892 10.457 10.892 10.457 10.892
I 106° 14' 23.05" 106° 14' 23.05"
7.758 8.080 7.758 8.080 7.758 8.080 7.758 8.080
J 106° 14' 23.05" 106° 14' 23.05"
7.758 8.080 7.758 8.080 7.758 8.080 7.758 8.080
K 106° 14' 23.05" 106° 14' 23.05"
7.758 8.080 7.758 8.080 7.758 8.080 7.758 8.080
L 106° 14' 23.05" 106° 14' 23.05"
Girder Start of Girder End of Girder
Spacing at CL Pier Spacing at CL Brg Angle
with
CL Pier
Spacing at CL Brg Spacing at CL Pier Angle
with
CL Pier? to Alignment
(ft)
Along CL Pier
(ft)
? to Alignment
(ft)
Along CL Brg
(ft)
? to Alignment
(ft)
Along CL Brg
(ft)
? to Alignment
(ft)
Along CL Pier
(ft)
Span 1 
A 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
B 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
Girder Start of Girder End of Girder
CL Pier to CL Brg CL Pier to Girder End CL Brg to Girder End
Along Girder
(ft)
CL Pier to CL Brg CL Pier to Girder End CL Brg to Girder End
Along Girder
(ft)? to Pier
(ft)
Along Girder
(ft)
? to Pier
(ft)
Along Girder
(ft)
? to Pier
(ft)
Along Girder
(ft)
? to Pier
(ft)
Along Girder
(ft)
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Girder Lengths
C-C Pier = Centerline pier to centerline pier length measured along the girder
C-C Bearing = Centerline bearing to centerline bearing length measured along the girder
Girder Length, Horizontal = End to end length of the girder projected into a horizontal plane
Girder Length, Along Grade = End to end length of girder measured along grade of the girder (slope adjusted) = 
C 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
D 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
E 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
F 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
G 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
H 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
I 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
J 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
K 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
L 1.000 1.042 0.333 0.347 0.694 1.000 1.042 0.333 0.347 0.694
Girder Start of Girder End of Girder
CL Pier to CL Brg CL Pier to Girder End CL Brg to Girder End
Along Girder
(ft)
CL Pier to CL Brg CL Pier to Girder End CL Brg to Girder End
Along Girder
(ft)? to Pier
(ft)
Along Girder
(ft)
? to Pier
(ft)
Along Girder
(ft)
? to Pier
(ft)
Along Girder
(ft)
? to Pier
(ft)
Along Girder
(ft)
Span 1 
A 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
B 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
C 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
D 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
E 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
F 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
G 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
H 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
I 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
J 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
K 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
L 60.500 58.417 59.806 59.833 0.0300 N 0° 54' 20.05" E
Girder C-C Pier
(ft)
C-C Bearing
Ls
(ft)
Girder Length Girder
Slope
(ft/ft)
Direction
Horizontal
Lg
(ft)
Along
Grade
(ft)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Live Load Distribution Factors Summary
February 15, 2015 10:10:54 pm
PGSuper?
Copyright ? 2015, WSDOT, All Rights Reserved
Version 2.7.3 - Built on Jul 23 2013
Project Properties
Bridge 
Name
BRIDGE 33
Bridge ID 33
Company TRINITY INFRASTRUCTURE LLC
Engineer BIBASH BARTAULA
Job Number #0033
Comments
File \\psf\Home\Library\Containers\com.apple.mail\Data\Library\Mail Downloads\22A830E5-98D9-4754-8DCA-
71650903F972\Bridge 33.pgs
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Library Usage
Master Library Publisher: Default libraries installed with PGSuper
Master Library File: C:\Program Files (x86)\WSDOT\PGSuper\WSDOT.lbr
Master Library Date Stamp: June 14, 2013 5:10:57 pm
Notes
Status Items
Connections I Girders CIP INT BENT Project Library
Girders Tx28 Dressing (40+10) Project Library
Traffic Barriers SSTR Project Library
Project Criteria AASHTO LRFD Bridge Design Specifications - US Units Project Library
Vehicular Live Load HL93-TRUCK Project Library
Load Rating Criteria AASHTO Manual for Bridge Evaluation Project Library
Library Entry Source
Lg Length of Girder
Ls Length of Span
FoS Face of Support
Debond Point where bond begins for a debonded strand
PSXFR Point of prestress transfer
CS Critical Section for Shear
H H from end of girder or face of support
1.5H 1.5H from end of girder or face of support
HP Harp Point
Pick Point Support point where girder is lifted from form
Bunk Point Point where girder is supported during transportation
Symbol Definition
Warning Vertical curve 1 is a zero length curve.
Info Ranges of Applicability for Load Distribution Factor Equations are to be Ignored.
Level Description
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Live Load Distribution Factor Summary
Pier 1, Distribution Factors
Girder A ------ 0.726 ------ 0.605
Girder B ------ 0.823 ------ 0.581
Girder C ------ 0.823 ------ 0.581
Girder D ------ 0.823 ------ 0.581
Girder E ------ 0.823 ------ 0.581
Girder F ------ 0.823 ------ 0.581
Girder G ------ 0.823 ------ 0.581
Girder H ------ 0.933 ------ 0.633
Girder I ------ 0.942 ------ 0.638
Girder J ------ 0.843 ------ 0.590
Girder K ------ 0.843 ------ 0.590
Girder L ------ 0.859 ------ 0.716
Strength/Service Fatigue/Single
-M R -M R
Span 1, Girder Distribution Factors
Girder A 0.687 ------ 0.726 0.572 ------ 0.605
Girder B 0.655 ------ 0.823 0.403 ------ 0.581
Girder C 0.655 ------ 0.823 0.403 ------ 0.581
Girder D 0.655 ------ 0.823 0.403 ------ 0.581
Girder E 0.655 ------ 0.823 0.403 ------ 0.581
Girder F 0.655 ------ 0.823 0.403 ------ 0.581
Girder G 0.655 ------ 0.823 0.403 ------ 0.581
Girder H 0.744 ------ 0.933 0.451 ------ 0.633
Girder I 0.752 ------ 0.942 0.455 ------ 0.638
Girder J 0.671 ------ 0.843 0.412 ------ 0.590
Girder K 0.671 ------ 0.843 0.412 ------ 0.590
Girder L 0.813 ------ 0.859 0.677 ------ 0.716
Strength/Service Fatigue/Single
+M -M V +M -M V
Pier 2, Distribution Factors
Girder A ------ 0.726 ------ 0.605
Girder B ------ 0.823 ------ 0.581
Girder C ------ 0.823 ------ 0.581
Girder D ------ 0.823 ------ 0.581
Girder E ------ 0.823 ------ 0.581
Strength/Service Fatigue/Single
-M R -M R
Page 3 of 4
Bridge: BRIDGE 33 Job: #0033 2/15/2015
Girder F ------ 0.823 ------ 0.581
Girder G ------ 0.823 ------ 0.581
Girder H ------ 0.933 ------ 0.633
Girder I ------ 0.942 ------ 0.638
Girder J ------ 0.843 ------ 0.590
Girder K ------ 0.843 ------ 0.590
Girder L ------ 0.859 ------ 0.716
Strength/Service Fatigue/Single
-M R -M R
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TxDOT Summary Report (Long Form)
For
Span 1 Girder L
February 15, 2015 10:11:30 pm
PGSuper?
Copyright ? 2015, WSDOT, All Rights Reserved
Version 2.7.3 - Built on Jul 23 2013
Project Properties
Bridge 
Name
BRIDGE 33
Bridge ID 33
Company TRINITY INFRASTRUCTURE LLC
Engineer BIBASH BARTAULA
Job Number #0033
Comments
File \\psf\Home\Library\Containers\com.apple.mail\Data\Library\Mail Downloads\22A830E5-98D9-4754-8DCA-
71650903F972\Bridge 33.pgs
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Library Usage
Master Library Publisher: Default libraries installed with PGSuper
Master Library File: C:\Program Files (x86)\WSDOT\PGSuper\WSDOT.lbr
Master Library Date Stamp: June 14, 2013 5:10:57 pm
Notes
Status Items
Connections I Girders CIP INT BENT Project Library
Girders Tx28 Dressing (40+10) Project Library
Traffic Barriers SSTR Project Library
Project Criteria AASHTO LRFD Bridge Design Specifications - US Units Project Library
Vehicular Live Load HL93-TRUCK Project Library
Load Rating Criteria AASHTO Manual for Bridge Evaluation Project Library
Library Entry Source
Lg Length of Girder
Ls Length of Span
FoS Face of Support
Debond Point where bond begins for a debonded strand
PSXFR Point of prestress transfer
CS Critical Section for Shear
H H from end of girder or face of support
1.5H 1.5H from end of girder or face of support
HP Harp Point
Pick Point Support point where girder is lifted from form
Bunk Point Point where girder is supported during transportation
Symbol Definition
Warning Vertical curve 1 is a zero length curve.
Info Ranges of Applicability for Load Distribution Factor Equations are to be Ignored.
Level Description
Page 2 of 28
Bridge: BRIDGE 33 Job: #0033 2/15/2015
Specification Check Summary
The Specification Check Was Not Successful
Tensile stress check failed for Service I for the Casting Yard Stage (At Release) (for allowable tension limit without mild 
reinforcement provided).
Splitting zone checks failed.
Slab Offset ("A" Dimension) check failed
Lifting checks failed
Girder Summary
Note: A Non-Standard Strand Fill Was Used For Span 1 Girder L
NOTE: Stresses show in the above table reflect the following sign convention:
Compressive Stress is positive. Tensile Stress is negative
TxDOT Girder Schedule
Span 1
Girder L
Girder Type Tx28 Dressing (40+10)
Prestressing Strands Total
NO. (Nh + Ns) 32
Size 0.600 in Dia.
Strength Grade 270 Low Relaxation
Eccentricity @ CL 9.105 in
Eccentricity @ End 5.730 in
Prestressing Strands Depressed
NO. (# of Harped Strands) 6
Yb of Topmost Depressed Strand(s) @ End 24.500 in
Concrete
Release Strength f'ci 7.000 KSI
Minimum 28 day compressive strength f'c 8.500 KSI
Optional Design
Design Load Compressive Stress (Top CL) 2.854 KSI
Design Load Tensile Stress (Bottom CL) -3.423 KSI
Required minimum ultimate moment capacity 3412.90 kip-ft
Live Load Distribution Factor for Moment (Strength and Service Limit States) 0.81264
Live Load Distribution Factor for Shear (Strength and Service Limit States) 0.85898
Live Load Distribution Factor for Moment (Fatigue Limit States) 0.67720
Non-Standard Strand Pattern for 
Span 1 Girder L
Row
(in)
Strands
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Loading Details
Uniform Loads Applied Along the Entire Girder
Distribution of Uniform Barrier, Sidewalk, and Pedestrian Loads to Girder
Slab Load Applied Between Bearings
2.5 A (2)
2.5 BCDEFG (12)
4.5 A (2)
4.5 BCDEFG (12)
6.5 A (2)
6.5 B (2)
Row
(in)
Strands
Girder Line Geometry
Girder Type Tx28 Dressing (40+10)
Span Length, CL Bearing to CL Bearing 58.417 ft
Girder Length 59.806 ft
Number of Girders 12
Left Girder Spacing Start of Span 8.080 ft
Left Girder Spacing End of Span 8.080 ft
Slab Thickness for Design 8.000 in
Slab Thickness for Construction 8.000 in
Slab Offset at Start ("A" Dimension) 10.250 in
Slab Offset at End ("A" Dimension) 10.250 in
Overlay 0.000 PSF
Left Traffic Barrier SSTR
Right Traffic Barrier SSTR
Traffic Barrier Weight (per girder) 0.125 kip/ft
Connection type at Pier 1 I Girders CIP INT BENT
Connection type at Pier 2 I Girders CIP INT BENT
Girder 0.610
Load Type w
(kip/ft)
Left Ext. Barrier 0.376 0.000 0.000
Right Ext. Barrier 0.376 0.333 0.125
Load Type Total Weight
(kip/ft)
Fraction
to Girder
Girder Load
(kip/ft)
Page 4 of 28
Bridge: BRIDGE 33 Job: #0033 2/15/2015
Slab Load is uniform along entire girder length.
Haunch weight includes effects of roadway geometry but does not include a reduction for camber
Overlay
Overlay load is uniform along entire girder length.
Overlay load is distributed uniformly among all girders per LRFD 4.6.2.2.1
Wcc is the curb to curb width
Live Load Details
Live Loads used for Design
The following live loads were applied to the design (Service and Strength I) limit states:
AASHTO LRFD 3.6.1.2: HL-93 Design Vehicular Live Load
User-defined vehicular live load: HL93-TRUCK
Configuration: Truck applied only (no lane)
Usage: Use for all actions at all locations
Live Loads Used for Fatigue Limit States
The following live loads were applied to the Fatigue I limit state:
AASHTO LRFD 3.6.1.4: Fatigue Vehicular Live Load
Live Loads Used for Design Permit Limit State
The following live loads were applied to the design permit (Strength II) limit state:
AASHTO LRFD 3.6.1.2: HL-93 Design Vehicular Live Load
Panel Weight 0.136
Cast Slab Weight 0.469
Haunch Weight 0.218
Total Slab Weight 0.822
Load Type w
(kip/ft)
Overlay Weight 90.083 0.000
Load Type Wtrib
(ft)
w
(kip/ft)
1 8.00
2 32.00 14.000
3 32.00 14.000
Axle Weight
(kip)
Spacing
(ft)
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User Defined Loads
Locations are measured from left support.
Point loads were not defined for this girder
Distributed loads were not defined for this girder
Moment loads were not defined for this girder
Camber and Deflections
Prestress Force and Strand Stresses
Camber and Deflection for Span 1 Girder L
Estimated camber at 40 days, D 3.081 in 0.257 ft
Estimated camber at 120 days, D 3.639 in 0.303 ft
Deflection (Prestressing) 2.654 in 0.221 ft
Deflection (Girder) -0.628 in -0.052 ft
Deflection (Slab and Diaphragms) -0.641 in -0.053 ft
Deflection (Traffic Barrier) -0.041 in -0.003 ft
Deflection (Overlay) 0.000 in 0.000 ft
Deflection (User Defined DC) 0.000 in 0.000 ft
Deflection (User Defined DW) 0.000 in 0.000 ft
Screed Camber, C 0.682 in 0.057 ft
Excess Camber (Based on Design Camber) 2.957 in 0.246 ft
Live Load Deflection (HL93 - Per Lane) -0.950 in -0.079 ft
Optional Live Load Deflection (LRFD 3.6.1.3.2) -0.276 in -0.023 ft
Slab Offset ("A" Dimension)
10.250 11.000 Fail
Minimum
Provided
(in)
Required
(in)
Status Notes
Effective Prestress at Mid-Span
At Jacking 1406.16 0.000 202.500
Before Prestress Transfer 1406.16 0.000 202.500
After Prestress Transfer 1259.73 21.087 181.413
At Lifting 1259.73 21.087 181.413
At Shipping 1210.77 28.138 174.362
After Deck Placement 1121.41 41.006 161.494
After Superimposed Dead Loads 1124.21 40.603 161.897
Loss Stage Permanent Strand
Force
(kip)
Eff. Loss
(KSI)
fpe
(KSI)
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Stress Checks
Specification = AASHTO LRFD Bridge Design Specifications - US Units
Stress Check for Service I for Casting Yard Stage (At Release) [5.9.4.1.2]
For temporary stresses before losses in pretensioned components
Allowable tensile stress = 0.0948?f'ci but not more than 0.200 KSI = 0.200 KSI
Allowable tensile stress = 0.2400?f'ci = 0.635 KSI if at least 0.164 in2 of mild reinforcement is provided
Allowable compressive stress = -0.6f'ci = -4.200 KSI
f'ci required to satisfy this stress check = 6.982 KSI
Final 1106.20 43.198 159.302
Final with Live Load 1150.42 36.829 165.671
Loss Stage Permanent Strand
Force
(kip)
Eff. Loss
(KSI)
fpe
(KSI)
(0.0Lg) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Pass
(?)
Pass
(?)
Pass
(?)
0.694 -0.015 -0.933 -0.043 0.037 -0.058 -0.896 Pass
(-)
Pass
(-)
Pass
(4.69)
(H) 2.333 0.012 -3.187 -0.140 0.121 -0.127 -3.066 Pass
(-)
Pass
(-)
Pass
(1.37)
(PSXFR) 3.000 0.049 -4.124 -0.177 0.153 -0.129 -3.971 Pass
(-)
Pass
(-)
Pass
(1.06)
3.569 0.077 -4.148 -0.209 0.181 -0.132 -3.967 Pass
(-)
Pass
(-)
Pass
(1.06)
(0.1Lg) 5.981 0.196 -4.246 -0.335 0.290 -0.139 -3.956 Pass
(-)
Pass
(-)
Pass
(1.06)
6.536 0.223 -4.268 -0.363 0.313 -0.139 -3.955 Pass
(-)
Pass
(-)
Pass
(1.06)
(0.2Lg) 11.961 0.489 -4.484 -0.596 0.515 -0.106 -3.969 Pass
(-)
Pass
(-)
Pass
(1.06)
12.378 0.510 -4.501 -0.611 0.528 -0.101 -3.972 Pass
(-)
Pass
(-)
Pass
(1.06)
(0.3Lg) 17.942 0.780 -4.715 -0.782 0.676 -0.002 -4.039 Pass
(-)
Pass
(-)
Pass
(1.04)
18.219 0.793 -4.726 -0.789 0.682 0.004 -4.044 Pass
(10+)
Pass
(10+)
Pass
(1.04)
(0.4Lg) 23.922 1.066 -4.936 -0.894 0.772 0.172 -4.164 Pass
(1.16)
Pass
(3.70)
Pass
(1.01)
24.061 1.072 -4.941 -0.895 0.774 0.177 -4.167 Pass
(1.13)
Pass
(3.59)
Pass
(1.01)
(HP) 24.903 1.112 -4.971 -0.905 0.782 0.207 -4.189 Fail
(0.97)
Pass
(3.07)
Pass
(1.00)
Location from
End of Girder
(ft)
Prestress Service I Demand Tension
Status
w/o rebar
(C/D)
Tension
Status
w/ rebar
(C/D)
Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Stress Check for Service I for Deck and Diaphragm Placement (Bridge Site 1) [5.9.4.2.2]
For stresses at service limit state after losses for components with bonded prestressing tendons other than piles
Allowable tensile stress = 0.0948?f'c = 0.276 KSI
Allowable compressive stress = -0.45f'c = -3.825 KSI
f'c required to satisfy this stress check = 7.482 KSI
(0.5Lg) 29.903 1.112 -4.974 -0.931 0.805 0.181 -4.169 Pass
(1.10)
Pass
(3.50)
Pass
(1.01)
(HP) 34.903 1.112 -4.971 -0.905 0.782 0.207 -4.189 Fail
(0.97)
Pass
(3.07)
Pass
(1.00)
35.745 1.072 -4.941 -0.895 0.774 0.177 -4.167 Pass
(1.13)
Pass
(3.59)
Pass
(1.01)
(0.6Lg) 35.883 1.066 -4.936 -0.894 0.772 0.172 -4.164 Pass
(1.16)
Pass
(3.70)
Pass
(1.01)
41.586 0.793 -4.726 -0.789 0.682 0.004 -4.044 Pass
(10+)
Pass
(10+)
Pass
(1.04)
(0.7Lg) 41.864 0.780 -4.715 -0.782 0.676 -0.002 -4.039 Pass
(-)
Pass
(-)
Pass
(1.04)
47.428 0.510 -4.501 -0.611 0.528 -0.101 -3.972 Pass
(-)
Pass
(-)
Pass
(1.06)
(0.8Lg) 47.845 0.489 -4.484 -0.596 0.515 -0.106 -3.969 Pass
(-)
Pass
(-)
Pass
(1.06)
53.270 0.223 -4.268 -0.363 0.313 -0.139 -3.955 Pass
(-)
Pass
(-)
Pass
(1.06)
(0.9Lg) 53.825 0.196 -4.246 -0.335 0.290 -0.139 -3.956 Pass
(-)
Pass
(-)
Pass
(1.06)
56.236 0.077 -4.148 -0.209 0.181 -0.132 -3.967 Pass
(-)
Pass
(-)
Pass
(1.06)
(PSXFR) 56.806 0.049 -4.124 -0.177 0.153 -0.129 -3.971 Pass
(-)
Pass
(-)
Pass
(1.06)
(H) 57.472 0.012 -3.187 -0.140 0.121 -0.127 -3.066 Pass
(-)
Pass
(-)
Pass
(1.37)
59.111 -0.015 -0.933 -0.043 0.037 -0.058 -0.896 Pass
(-)
Pass
(-)
Pass
(4.69)
(1.0Lg) 59.806 0.000 0.000 0.000 0.000 0.000 0.000 Pass
(?)
Pass
(?)
Pass
(?)
Location from
End of Girder
(ft)
Prestress Service I Demand Tension
Status
w/o rebar
(C/D)
Tension
Status
w/ rebar
(C/D)
Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
(0.0Ls) 0.000 -0.013 -0.822 0.000 0.000 -0.013 -0.822 Pass
(-)
Pass
(4.65)
1.639 0.011 -2.811 -0.227 0.197 -0.217 -2.615 Pass
(-)
Pass
(1.46)
(PSXFR) 2.306 0.043 -3.640 -0.316 0.273 -0.273 -3.367 Pass Pass
Location from
Left Support
(ft)
Prestress Service I Demand Tension
Status
(C/D)
Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
(-) (1.14)
(H) 2.875 0.068 -3.662 -0.390 0.337 -0.322 -3.325 Pass
(-)
Pass
(1.15)
5.286 0.173 -3.755 -0.687 0.593 -0.513 -3.161 Pass
(-)
Pass
(1.21)
(0.1Ls) 5.842 0.198 -3.776 -0.751 0.649 -0.553 -3.127 Pass
(-)
Pass
(1.22)
11.267 0.434 -3.980 -1.299 1.122 -0.864 -2.857 Pass
(-)
Pass
(1.34)
(0.2Ls) 11.683 0.453 -3.995 -1.335 1.154 -0.882 -2.841 Pass
(-)
Pass
(1.35)
17.247 0.694 -4.194 -1.736 1.500 -1.042 -2.694 Pass
(-)
Pass
(1.42)
(0.3Ls) 17.525 0.705 -4.203 -1.752 1.514 -1.046 -2.689 Pass
(-)
Pass
(1.42)
23.228 0.948 -4.391 -1.998 1.727 -1.050 -2.664 Pass
(-)
Pass
(1.44)
(0.4Ls) 23.367 0.954 -4.395 -2.002 1.730 -1.049 -2.665 Pass
(-)
Pass
(1.44)
(HP) 24.208 0.989 -4.421 -2.024 1.750 -1.036 -2.671 Pass
(-)
Pass
(1.43)
(0.5Ls) 29.208 0.990 -4.427 -2.086 1.802 -1.095 -2.625 Pass
(-)
Pass
(1.46)
(HP) 34.208 0.989 -4.421 -2.024 1.750 -1.036 -2.671 Pass
(-)
Pass
(1.43)
(0.6Ls) 35.050 0.954 -4.395 -2.002 1.730 -1.049 -2.665 Pass
(-)
Pass
(1.44)
35.189 0.948 -4.391 -1.998 1.727 -1.050 -2.664 Pass
(-)
Pass
(1.44)
(0.7Ls) 40.892 0.705 -4.203 -1.752 1.514 -1.046 -2.689 Pass
(-)
Pass
(1.42)
41.170 0.694 -4.194 -1.736 1.500 -1.042 -2.694 Pass
(-)
Pass
(1.42)
(0.8Ls) 46.734 0.453 -3.995 -1.335 1.154 -0.882 -2.841 Pass
(-)
Pass
(1.35)
47.150 0.434 -3.980 -1.299 1.122 -0.864 -2.857 Pass
(-)
Pass
(1.34)
(0.9Ls) 52.575 0.198 -3.776 -0.751 0.649 -0.553 -3.127 Pass
(-)
Pass
(1.22)
53.131 0.173 -3.755 -0.687 0.593 -0.513 -3.161 Pass
(-)
Pass
(1.21)
(H) 55.542 0.068 -3.662 -0.390 0.337 -0.322 -3.325 Pass
(-)
Pass
(1.15)
(PSXFR) 56.111 0.043 -3.640 -0.316 0.273 -0.273 -3.367 Pass
(-)
Pass
(1.14)
56.778 0.011 -2.811 -0.227 0.197 -0.217 -2.615 Pass
(-)
Pass
(1.46)
(1.0Ls) 58.417 -0.013 -0.822 0.000 0.000 -0.013 -0.822 Pass Pass
Location from
Left Support
(ft)
Prestress Service I Demand Tension
Status
(C/D)
Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Stress Check for Service I for Superimposed Dead Loads (Bridge Site 2) [5.9.4.2.1]
For stresses at service limit state after losses in other than segmentally constructed bridges due to permanent loads
Allowable compressive stress = -0.45f'c = -3.825 KSI
f'c required to satisfy this stress check = 7.454 KSI
(-) (4.65)
Location from
Left Support
(ft)
Prestress Service I Demand Tension
Status
(C/D)
Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
(0.0Ls) 0.000 -0.013 -0.822 0.000 0.000 -0.013 -0.822 Pass
(4.65)
1.639 0.011 -2.812 -0.230 0.207 -0.219 -2.605 Pass
(1.47)
(PSXFR) 2.306 0.043 -3.641 -0.320 0.287 -0.277 -3.354 Pass
(1.14)
(H) 2.875 0.068 -3.664 -0.395 0.355 -0.327 -3.309 Pass
(1.16)
5.286 0.173 -3.757 -0.696 0.624 -0.522 -3.134 Pass
(1.22)
(0.1Ls) 5.842 0.198 -3.779 -0.761 0.682 -0.563 -3.097 Pass
(1.24)
11.267 0.435 -3.985 -1.316 1.179 -0.881 -2.806 Pass
(1.36)
(0.2Ls) 11.683 0.453 -4.001 -1.352 1.212 -0.899 -2.789 Pass
(1.37)
17.247 0.695 -4.202 -1.758 1.576 -1.064 -2.626 Pass
(1.46)
(0.3Ls) 17.525 0.707 -4.212 -1.775 1.591 -1.068 -2.621 Pass
(1.46)
23.228 0.950 -4.401 -2.024 1.815 -1.074 -2.587 Pass
(1.48)
(0.4Ls) 23.367 0.956 -4.406 -2.028 1.818 -1.072 -2.587 Pass
(1.48)
(HP) 24.208 0.991 -4.432 -2.051 1.838 -1.060 -2.593 Pass
(1.47)
(0.5Ls) 29.208 0.993 -4.439 -2.113 1.894 -1.120 -2.545 Pass
(1.50)
(HP) 34.208 0.991 -4.432 -2.051 1.838 -1.060 -2.593 Pass
(1.47)
(0.6Ls) 35.050 0.956 -4.406 -2.028 1.818 -1.072 -2.587 Pass
(1.48)
35.189 0.950 -4.401 -2.024 1.815 -1.074 -2.587 Pass
(1.48)
(0.7Ls) 40.892 0.707 -4.212 -1.775 1.591 -1.068 -2.621 Pass
Location from
Left Support
(ft)
Prestress Service I Demand Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Stress Check for Compressive Stresses for Service I for Final with Live Load (Bridge Site 3) 
[5.5.3.1]
For stresses at service limit state after losses in other than segmentally constructed bridges due to permanent and transient 
loads
Allowable compressive stress = -0.6f'c = -5.100 KSI
f'c required to satisfy this stress check = 5.299 KSI
(1.46)
41.170 0.695 -4.202 -1.758 1.576 -1.064 -2.626 Pass
(1.46)
(0.8Ls) 46.734 0.453 -4.001 -1.352 1.212 -0.899 -2.789 Pass
(1.37)
47.150 0.435 -3.985 -1.316 1.179 -0.881 -2.806 Pass
(1.36)
(0.9Ls) 52.575 0.198 -3.779 -0.761 0.682 -0.563 -3.097 Pass
(1.24)
53.131 0.173 -3.757 -0.696 0.624 -0.522 -3.134 Pass
(1.22)
(H) 55.542 0.068 -3.664 -0.395 0.355 -0.327 -3.309 Pass
(1.16)
(PSXFR) 56.111 0.043 -3.641 -0.320 0.287 -0.277 -3.354 Pass
(1.14)
56.778 0.011 -2.812 -0.230 0.207 -0.219 -2.605 Pass
(1.47)
(1.0Ls) 58.417 -0.013 -0.822 0.000 0.000 -0.013 -0.822 Pass
(4.65)
Location from
Left Support
(ft)
Prestress Service I Demand Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
(0.0Ls) 0.000 -0.013 -0.795 -0.206 0.083 -0.219 -0.712 Pass
(7.16)
1.639 0.011 -2.735 -0.502 0.289 -0.491 -2.446 Pass
(2.09)
(PSXFR) 2.306 0.042 -3.549 -0.617 0.370 -0.575 -3.179 Pass
(1.60)
(H) 2.875 0.066 -3.577 -0.713 0.437 -0.646 -3.140 Pass
(1.62)
5.286 0.171 -3.696 -1.095 0.706 -0.925 -2.990 Pass
(1.71)
(0.1Ls) 5.842 0.195 -3.723 -1.178 0.764 -0.983 -2.959 Pass
(1.72)
11.267 0.435 -3.984 -1.880 1.262 -1.445 -2.721 Pass
(1.87)
(0.2Ls) 11.683 0.453 -4.003 -1.926 1.295 -1.472 -2.708 Pass
(1.88)
Location from
Left Support
(ft)
Prestress Service I Demand Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Stress Check for Tensile Stresses for Service III for Final with Live Load (Bridge Site 3) 
[5.9.4.2.2]
For stresses at service limit state after losses which involve traffic loading in members with bonded prestressing tendons other 
than piles
Allowable tensile stress in the precompressed tensile zone = 0.1900?f'c = 0.554 KSI
17.247 0.703 -4.253 -2.429 1.659 -1.726 -2.594 Pass
(1.97)
(0.3Ls) 17.525 0.716 -4.265 -2.449 1.674 -1.733 -2.591 Pass
(1.97)
23.228 0.970 -4.496 -2.756 1.897 -1.785 -2.598 Pass
(1.96)
(0.4Ls) 23.367 0.977 -4.501 -2.761 1.901 -1.784 -2.600 Pass
(1.96)
(HP) 24.208 1.014 -4.532 -2.788 1.921 -1.774 -2.611 Pass
(1.95)
(0.5Ls) 29.208 1.016 -4.542 -2.854 1.977 -1.838 -2.565 Pass
(1.99)
(HP) 34.208 1.014 -4.532 -2.788 1.921 -1.774 -2.611 Pass
(1.95)
(0.6Ls) 35.050 0.977 -4.501 -2.761 1.901 -1.784 -2.600 Pass
(1.96)
35.189 0.970 -4.496 -2.756 1.897 -1.785 -2.598 Pass
(1.96)
(0.7Ls) 40.892 0.716 -4.265 -2.449 1.674 -1.733 -2.591 Pass
(1.97)
41.170 0.703 -4.253 -2.429 1.659 -1.726 -2.594 Pass
(1.97)
(0.8Ls) 46.734 0.453 -4.003 -1.926 1.295 -1.472 -2.708 Pass
(1.88)
47.150 0.435 -3.984 -1.880 1.262 -1.445 -2.721 Pass
(1.87)
(0.9Ls) 52.575 0.195 -3.723 -1.178 0.764 -0.983 -2.959 Pass
(1.72)
53.131 0.171 -3.696 -1.095 0.706 -0.925 -2.990 Pass
(1.71)
(H) 55.542 0.066 -3.577 -0.713 0.437 -0.646 -3.140 Pass
(1.62)
(PSXFR) 56.111 0.042 -3.549 -0.617 0.370 -0.575 -3.179 Pass
(1.60)
56.778 0.011 -2.735 -0.502 0.289 -0.491 -2.446 Pass
(2.09)
(1.0Ls) 58.417 -0.013 -0.795 -0.206 0.083 -0.219 -0.712 Pass
(7.16)
Location from
Left Support
(ft)
Prestress Service I Demand Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
(0.0Ls) 0.000 -0.795 0.083 -0.712 Pass
(-)
1.639 -2.735 0.464 -2.271 Pass
(-)
(PSXFR) 2.306 -3.549 0.613 -2.936 Pass
(-)
(H) 2.875 -3.577 0.737 -2.841 Pass
(-)
5.286 -3.696 1.229 -2.467 Pass
(-)
(0.1Ls) 5.842 -3.723 1.335 -2.388 Pass
(-)
11.267 -3.984 2.229 -1.755 Pass
(-)
(0.2Ls) 11.683 -4.003 2.287 -1.716 Pass
(-)
17.247 -4.253 2.914 -1.339 Pass
(-)
(0.3Ls) 17.525 -4.265 2.938 -1.326 Pass
(-)
23.228 -4.496 3.317 -1.179 Pass
(-)
(0.4Ls) 23.367 -4.501 3.323 -1.178 Pass
(-)
(HP) 24.208 -4.532 3.356 -1.176 Pass
(-)
(0.5Ls) 29.208 -4.542 3.423 -1.119 Pass
(-)
(HP) 34.208 -4.532 3.356 -1.176 Pass
(-)
(0.6Ls) 35.050 -4.501 3.323 -1.178 Pass
(-)
35.189 -4.496 3.317 -1.179 Pass
(-)
(0.7Ls) 40.892 -4.265 2.938 -1.326 Pass
(-)
41.170 -4.253 2.914 -1.339 Pass
(-)
(0.8Ls) 46.734 -4.003 2.287 -1.716 Pass
(-)
47.150 -3.984 2.229 -1.755 Pass
(-)
(0.9Ls) 52.575 -3.723 1.335 -2.388 Pass
(-)
53.131 -3.696 1.229 -2.467 Pass
(-)
(H) 55.542 -3.577 0.737 -2.841 Pass
(-)
(PSXFR) 56.111 -3.549 0.613 -2.936 Pass
Location from
Left Support
(ft)
Prestress
fb
(KSI)
Service III
fb
(KSI)
Demand
fb
(KSI)
Tension
Status
(C/D)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Stress Check for Compressive Stresses for Fatigue I for Final with Live Load (Bridge Site 3) 
[5.5.3.1]
For stresses at service limit state after losses in other than segmentally constructed bridges due to the Fatigue I load 
combination and one-half the sum of effective prestress and permanent loads
Allowable compressive stress = -0.4f'c = -3.400 KSI
f'c required to satisfy this stress check = 3.871 KSI
(-)
56.778 -2.735 0.464 -2.271 Pass
(-)
(1.0Ls) 58.417 -0.795 0.083 -0.712 Pass
(-)
Location from
Left Support
(ft)
Prestress
fb
(KSI)
Service III
fb
(KSI)
Demand
fb
(KSI)
Tension
Status
(C/D)
(0.0Ls) 0.000 -0.013 -0.795 -0.206 0.083 -0.213 -0.315 Pass
(10+)
1.639 0.011 -2.735 -0.368 0.186 -0.362 -1.182 Pass
(2.88)
(PSXFR) 2.306 0.042 -3.549 -0.430 0.226 -0.409 -1.548 Pass
(2.20)
(H) 2.875 0.066 -3.577 -0.482 0.260 -0.449 -1.529 Pass
(2.22)
5.286 0.171 -3.696 -0.689 0.394 -0.604 -1.454 Pass
(2.34)
(0.1Ls) 5.842 0.195 -3.723 -0.733 0.424 -0.636 -1.438 Pass
(2.36)
11.267 0.435 -3.984 -1.102 0.672 -0.885 -1.319 Pass
(2.58)
(0.2Ls) 11.683 0.453 -4.003 -1.126 0.689 -0.899 -1.313 Pass
(2.59)
17.247 0.703 -4.253 -1.389 0.871 -1.038 -1.256 Pass
(2.71)
(0.3Ls) 17.525 0.716 -4.265 -1.400 0.878 -1.042 -1.254 Pass
(2.71)
23.228 0.970 -4.496 -1.549 0.990 -1.064 -1.258 Pass
(2.70)
(0.4Ls) 23.367 0.977 -4.501 -1.551 0.992 -1.063 -1.259 Pass
(2.70)
(HP) 24.208 1.014 -4.532 -1.562 1.002 -1.055 -1.264 Pass
(2.69)
(0.5Ls) 29.208 1.016 -4.542 -1.576 1.030 -1.068 -1.241 Pass
(2.74)
(HP) 34.208 1.014 -4.532 -1.562 1.002 -1.055 -1.264 Pass
(2.69)
Location from
Left Support
(ft)
Prestress Fatigue I Demand Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
Moment Capacity
(0.6Ls) 35.050 0.977 -4.501 -1.551 0.992 -1.063 -1.259 Pass
(2.70)
35.189 0.970 -4.496 -1.549 0.990 -1.064 -1.258 Pass
(2.70)
(0.7Ls) 40.892 0.716 -4.265 -1.400 0.878 -1.042 -1.254 Pass
(2.71)
41.170 0.703 -4.253 -1.389 0.871 -1.038 -1.256 Pass
(2.71)
(0.8Ls) 46.734 0.453 -4.003 -1.126 0.689 -0.899 -1.313 Pass
(2.59)
47.150 0.435 -3.984 -1.102 0.672 -0.885 -1.319 Pass
(2.58)
(0.9Ls) 52.575 0.195 -3.723 -0.733 0.424 -0.636 -1.438 Pass
(2.36)
53.131 0.171 -3.696 -0.689 0.394 -0.604 -1.454 Pass
(2.34)
(H) 55.542 0.066 -3.577 -0.482 0.260 -0.449 -1.529 Pass
(2.22)
(PSXFR) 56.111 0.042 -3.549 -0.430 0.226 -0.409 -1.548 Pass
(2.20)
56.778 0.011 -2.735 -0.368 0.186 -0.362 -1.182 Pass
(2.88)
(1.0Ls) 58.417 -0.013 -0.795 -0.206 0.083 -0.213 -0.315 Pass
(10+)
Location from
Left Support
(ft)
Prestress Fatigue I Demand Compression
Status
(C/D)ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
ft
(KSI)
fb
(KSI)
 Positive Moment Capacity for Strength I Limit State for 
Final with Live Load Stage (Bridge Site 3) [5.7]
(0.0Ls) 0.000 0.00 3689.62 0.00 Pass
(?)
Pass
(?)
(FoS) 0.542 106.07 3728.12 141.07 Pass
(10+)
Pass
(10+)
1.639 314.17 3812.34 417.85 Pass
(9.12)
Pass
(10+)
1.750 334.73 3821.49 445.19 Pass
(8.58)
Pass
(10+)
2.017 383.75 3843.89 510.39 Pass
(7.53)
Pass
(10+)
(PSXFR) 2.306 436.19 3868.66 580.13 Pass
(6.67)
Pass
(8.87)
(H) 2.875 537.75 3881.64 715.21 Pass
(5.43)
Pass
(7.22)
(CS) 2.915 544.71 3882.56 724.46 Pass Pass
Location from
Left Support
(ft)
Mu
(kip-ft)
?Mn
(kip-ft)
?Mn Min
(kip-ft)
Status
?Mn Min ? ?Mn
(?Mn/?Mn Min)
Mu ? ?Mn
(?Mn/Mu)
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Bridge: BRIDGE 33 Job: #0033 2/15/2015
(5.36) (7.13)
3.500 646.43 3896.54 859.75 Pass
(4.53)
Pass
(6.03)
(1.5H) 4.042 738.24 3909.99 981.86 Pass
(3.98)
Pass
(5.30)
5.286 940.83 3942.81 1251.30 Pass
(3.15)
Pass
(4.19)
(0.1Ls) 5.842 1027.50 3958.32 1366.57 Pass
(2.90)
Pass
(3.85)
6.059 1060.75 3964.52 1410.80 Pass
(2.81)
Pass
(3.74)
11.267 1751.93 4138.91 2330.07 Pass
(1.78)
Pass
(2.36)
(0.2Ls) 11.683 1798.41 4154.14 2391.89 Pass
(1.74)
Pass
(2.31)
12.017 1834.69 4161.22 2440.13 Pass
(1.71)
Pass
(2.27)
17.247 2294.11 4271.95 3051.16 Pass
(1.40)
Pass
(1.86)
(0.3Ls) 17.525 2312.75 4277.82 3075.96 Pass
(1.39)
Pass
(1.85)
22.017 2561.43 4372.78 3385.19 Pass
(1.29)
Pass
(1.71)
23.228 2608.22 4398.41 3403.63 Pass
(1.29)
Pass
(1.69)
(0.4Ls) 23.367 2612.88 4401.35 3405.79 Pass
(1.29)
Pass
(1.68)
(HP) 24.208 2638.03 4419.18 3419.03 Pass
(1.29)
Pass
(1.68)
24.213 2638.16 4419.18 3419.02 Pass
(1.29)
Pass
(1.68)
(0.5Ls) 29.208 2677.62 4419.35 3412.90 Pass
(1.29)
Pass
(1.65)
34.204 2638.16 4419.18 3419.02 Pass
(1.29)
Pass
(1.68)
(HP) 34.208 2638.03 4419.18 3419.03 Pass
(1.29)
Pass
(1.68)
(0.6Ls) 35.050 2612.88 4401.35 3405.79 Pass
(1.29)
Pass
(1.68)
35.189 2608.22 4398.41 3403.63 Pass
(1.29)
Pass
(1.69)
36.400 2561.43 4372.78 3385.19 Pass
(1.29)
Pass
(1.71)
(0.7Ls) 40.892 2312.75 4277.82 3075.96 Pass
(1.39)
Pass
(1.85)
41.170 2294.11 4271.95 3051.16 Pass
(1.40)
Pass
(1.86)
Location from
Left Support
(ft)
Mu
(kip-ft)
?Mn
(kip-ft)
?Mn Min
(kip-ft)
Status
?Mn Min ? ?Mn
(?Mn/?Mn Min)
Mu ? ?Mn
(?Mn/Mu)
Page 16 of 28
Bridge: BRIDGE 33 Job: #0033 2/15/2015
Shear
46.400 1834.69 4161.22 2440.13 Pass
(1.71)
Pass
(2.27)
(0.8Ls) 46.734 1798.41 4154.14 2391.89 Pass
(1.74)
Pass
(2.31)
47.150 1751.93 4091.61 2330.07 Pass
(1.76)
Pass
(2.34)
52.358 1060.75 3236.79 1410.80 Pass
(2.29)
Pass
(3.05)
(0.9Ls) 52.575 1027.50 3200.95 1366.57 Pass
(2.34)
Pass
(3.12)
53.131 940.83 3109.20 1251.30 Pass
(2.48)
Pass
(3.30)
(1.5H) 54.375 738.24 2903.20 981.86 Pass
(2.96)
Pass
(3.93)
54.917 646.43 2813.30 859.75 Pass
(3.27)
Pass
(4.35)
(CS) 55.528 540.15 2711.62 718.40 Pass
(3.77)
Pass
(5.02)
(H) 55.542 537.75 2709.36 715.21 Pass
(3.79)
Pass
(5.04)
(PSXFR) 56.111 436.19 2614.47 580.13 Pass
(4.51)
Pass
(5.99)
56.400 383.75 2386.95 510.39 Pass
(4.68)
Pass
(6.22)
56.667 334.73 2171.33 445.19 Pass
(4.88)
Pass
(6.49)
56.778 314.17 2079.99 417.85 Pass
(4.98)
Pass
(6.62)
(FoS) 57.875 106.07 1146.50 141.07 Pass
(8.13)
Pass
(10+)
(1.0Ls) 58.417 0.00 655.84 0.00 Pass
(?)
Pass
(?)
Location from
Left Support
(ft)
Mu
(kip-ft)
?Mn
(kip-ft)
?Mn Min
(kip-ft)
Status
?Mn Min ? ?Mn
(?Mn/?Mn Min)
Mu ? ?Mn
(?Mn/Mu)
Ultimate Shears for Strength I Limit State for 
Bridge Site Stage 3 [5.8]
(CS) 2.915 Yes Yes 190.30 315.59 Pass
(1.66)
(1.5H) 4.042 Yes Yes 184.31 310.94 Pass
(1.69)
5.286 Yes Yes 177.72 306.42 Pass
(1.72)
(0.1Ls) 5.842 Yes Yes 174.79 301.63 Pass
(1.73)
Location from
Left Support
(ft)
Stirrups
Required
Stirrups
Provided
|Vu|
(kip)
?Vn
(kip)
Status
(?Vn/Vu)
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6.059 Yes Yes 173.64 300.96 Pass
(1.73)
11.267 Yes Yes 146.41 287.24 Pass
(1.96)
(0.2Ls) 11.683 Yes Yes 144.25 286.76 Pass
(1.99)
12.017 Yes Yes 142.52 240.50 Pass
(1.69)
17.247 Yes Yes 115.68 238.81 Pass
(2.06)
(0.3Ls) 17.525 Yes Yes 114.27 238.85 Pass
(2.09)
22.017 Yes Yes 91.60 193.21 Pass
(2.11)
23.228 Yes Yes 85.55 193.83 Pass
(2.27)
(0.4Ls) 23.367 Yes Yes 84.85 193.91 Pass
(2.29)
(HP) 24.208 Yes Yes 80.66 194.45 Pass
(2.41)
(0.5Ls) 29.208 Yes Yes 56.00 183.09 Pass
(3.27)
(HP) 34.208 Yes Yes 80.66 194.45 Pass
(2.41)
(0.6Ls) 35.050 Yes Yes 84.85 193.91 Pass
(2.29)
35.189 Yes Yes 85.55 193.83 Pass
(2.27)
36.400 Yes Yes 91.60 193.21 Pass
(2.11)
(0.7Ls) 40.892 Yes Yes 114.27 238.85 Pass
(2.09)
41.170 Yes Yes 115.68 238.81 Pass
(2.06)
46.400 Yes Yes 142.52 240.50 Pass
(1.69)
(0.8Ls) 46.734 Yes Yes 144.25 286.76 Pass
(1.99)
47.150 Yes Yes 146.41 287.11 Pass
(1.96)
52.358 Yes Yes 173.64 296.24 Pass
(1.71)
(0.9Ls) 52.575 Yes Yes 174.79 296.67 Pass
(1.70)
53.131 Yes Yes 177.72 302.11 Pass
(1.70)
(1.5H) 54.375 Yes Yes 184.31 305.74 Pass
(1.66)
(CS) 55.528 Yes Yes 190.44 310.49 Pass
Location from
Left Support
(ft)
Stirrups
Required
Stirrups
Provided
|Vu|
(kip)
?Vn
(kip)
Status
(?Vn/Vu)
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[LRFD 5.8.3.2] The reaction introduces compression into the end of the girder. Load between the CSS and the support is 
transferred directly to the support by compressive arching action without causing additional stresses in the stirrups. Hence, 
Av/S in this region must be equal or greater than Av/S at the critical section.
(1.63)
Location from
Left Support
(ft)
Stirrups
Required
Stirrups
Provided
|Vu|
(kip)
?Vn
(kip)
Status
(?Vn/Vu)
Ultimate Shears for Strength II Limit State for 
Bridge Site Stage 3 [5.8]
(CS) 2.915 Yes Yes 136.73 320.54 Pass
(2.34)
(1.5H) 4.042 Yes Yes 132.13 319.88 Pass
(2.42)
5.286 Yes Yes 127.08 316.27 Pass
(2.49)
(0.1Ls) 5.842 Yes Yes 124.84 312.18 Pass
(2.50)
6.059 Yes Yes 123.96 311.65 Pass
(2.51)
11.267 Yes Yes 103.09 300.92 Pass
(2.92)
(0.2Ls) 11.683 Yes Yes 101.43 300.59 Pass
(2.96)
12.017 Yes Yes 100.11 253.63 Pass
(2.53)
17.247 Yes Yes 79.55 252.91 Pass
(3.18)
(0.3Ls) 17.525 Yes Yes 78.46 252.98 Pass
(3.22)
22.017 Yes Yes 61.10 206.85 Pass
(3.39)
23.228 Yes Yes 56.46 207.55 Pass
(3.68)
(0.4Ls) 23.367 Yes Yes 55.93 207.64 Pass
(3.71)
(HP) 24.208 No Yes 52.72 208.24 Pass
(3.95)
(0.5Ls) 29.208 No Yes 33.83 196.64 Pass
(5.81)
(HP) 34.208 No Yes 52.72 208.24 Pass
(3.95)
(0.6Ls) 35.050 Yes Yes 55.93 207.64 Pass
(3.71)
35.189 Yes Yes 56.46 207.55 Pass
(3.68)
36.400 Yes Yes 61.10 206.85 Pass
Location from
Left Support
(ft)
Stirrups
Required
Stirrups
Provided
|Vu|
(kip)
?Vn
(kip)
Status
(?Vn/Vu)
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[LRFD 5.8.3.2] The reaction introduces compression into the end of the girder. Load between the CSS and the support is 
transferred directly to the support by compressive arching action without causing additional stresses in the stirrups. Hence, 
Av/S in this region must be equal or greater than Av/S at the critical section.
Horizontal Interface Shears/Length for Strength I Limit State [5.8.4]
(3.39)
(0.7Ls) 40.892 Yes Yes 78.46 252.98 Pass
(3.22)
41.170 Yes Yes 79.55 252.91 Pass
(3.18)
46.400 Yes Yes 100.11 253.63 Pass
(2.53)
(0.8Ls) 46.734 Yes Yes 101.43 300.59 Pass
(2.96)
47.150 Yes Yes 103.09 300.81 Pass
(2.92)
52.358 Yes Yes 123.96 306.72 Pass
(2.47)
(0.9Ls) 52.575 Yes Yes 124.84 307.00 Pass
(2.46)
53.131 Yes Yes 127.08 311.68 Pass
(2.45)
(1.5H) 54.375 Yes Yes 132.13 314.39 Pass
(2.38)
(CS) 55.528 Yes Yes 136.83 317.16 Pass
(2.32)
Location from
Left Support
(ft)
Stirrups
Required
Stirrups
Provided
|Vu|
(kip)
?Vn
(kip)
Status
(?Vn/Vu)
(CS) 2.915 6.000 24.000 Pass 0.800 0.320 Pass 90.480 140.253 Pass
(1.55)
(1.5H) 4.042 6.000 24.000 Pass 0.800 0.320 Pass 87.105 140.253 Pass
(1.61)
5.286 6.000 24.000 Pass 0.800 0.258 Pass 83.436 140.253 Pass
(1.68)
(0.1Ls) 5.842 6.000 24.000 Pass 0.800 0.218 Pass 81.818 140.253 Pass
(1.71)
6.059 6.000 24.000 Pass 0.800 0.202 Pass 81.188 140.253 Pass
(1.73)
11.267 6.000 24.000 Pass 0.800 N/A N/A 66.622 140.253 Pass
(2.11)
(0.2Ls) 11.683 6.000 24.000 Pass 0.800 N/A N/A 65.499 140.253 Pass
(2.14)
12.017 8.000 24.000 Pass 0.600 N/A N/A 64.605 129.453 Pass
(2.00)
Location from
Left Support
(ft)
5.8.4.2 5.8.4.4 5.8.4.1
s
(in)
smax
(in)
Status avf
(in2/ft)
avf min
(in2/ft)
Status |vui|
(kip/ft)
?vni
(kip/ft)
Status
(?vni/|vui|)
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Horizontal Interface Shears/Length for Strength II Limit State [5.8.4]
17.247 8.000 24.000 Pass 0.600 N/A N/A 51.071 129.453 Pass
(2.53)
(0.3Ls) 17.525 8.000 24.000 Pass 0.600 N/A N/A 50.378 129.453 Pass
(2.57)
22.017 12.000 24.000 Pass 0.400 N/A N/A 39.500 118.653 Pass
(3.00)
23.228 12.000 24.000 Pass 0.400 N/A N/A 36.673 118.653 Pass
(3.24)
(0.4Ls) 23.367 12.000 24.000 Pass 0.400 N/A N/A 36.352 118.653 Pass
(3.26)
(HP) 24.208 12.000 24.000 Pass 0.400 N/A N/A 34.416 118.653 Pass
(3.45)
(0.5Ls) 29.208 12.000 24.000 Pass 0.400 N/A N/A 23.893 118.653 Pass
(4.97)
(HP) 34.208 12.000 24.000 Pass 0.400 N/A N/A 34.416 118.653 Pass
(3.45)
(0.6Ls) 35.050 12.000 24.000 Pass 0.400 N/A N/A 36.352 118.653 Pass
(3.26)
35.189 12.000 24.000 Pass 0.400 N/A N/A 36.673 118.653 Pass
(3.24)
36.400 12.000 24.000 Pass 0.400 N/A N/A 39.500 118.653 Pass
(3.00)
(0.7Ls) 40.892 8.000 24.000 Pass 0.600 N/A N/A 50.378 129.453 Pass
(2.57)
41.170 8.000 24.000 Pass 0.600 N/A N/A 51.071 129.453 Pass
(2.53)
46.400 8.000 24.000 Pass 0.600 N/A N/A 64.605 129.453 Pass
(2.00)
(0.8Ls) 46.734 6.000 24.000 Pass 0.800 N/A N/A 65.499 140.253 Pass
(2.14)
47.150 6.000 24.000 Pass 0.800 N/A N/A 66.622 140.253 Pass
(2.11)
52.358 6.000 24.000 Pass 0.800 0.202 Pass 81.188 140.253 Pass
(1.73)
(0.9Ls) 52.575 6.000 24.000 Pass 0.800 0.218 Pass 81.818 140.253 Pass
(1.71)
53.131 6.000 24.000 Pass 0.800 0.258 Pass 83.436 140.253 Pass
(1.68)
(1.5H) 54.375 6.000 24.000 Pass 0.800 0.320 Pass 87.105 140.253 Pass
(1.61)
(CS) 55.528 6.000 24.000 Pass 0.800 0.320 Pass 90.558 140.253 Pass
(1.55)
Location from
Left Support
(ft)
5.8.4.2 5.8.4.4 5.8.4.1
s
(in)
smax
(in)
Status avf
(in2/ft)
avf min
(in2/ft)
Status |vui|
(kip/ft)
?vni
(kip/ft)
Status
(?vni/|vui|)
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(CS) 2.915 6.000 24.000 Pass 0.800 N/A N/A 65.007 140.253 Pass
(2.16)
(1.5H) 4.042 6.000 24.000 Pass 0.800 N/A N/A 62.446 140.253 Pass
(2.25)
5.286 6.000 24.000 Pass 0.800 N/A N/A 59.663 140.253 Pass
(2.35)
(0.1Ls) 5.842 6.000 24.000 Pass 0.800 N/A N/A 58.435 140.253 Pass
(2.40)
6.059 6.000 24.000 Pass 0.800 N/A N/A 57.958 140.253 Pass
(2.42)
11.267 6.000 24.000 Pass 0.800 N/A N/A 46.910 140.253 Pass
(2.99)
(0.2Ls) 11.683 6.000 24.000 Pass 0.800 N/A N/A 46.058 140.253 Pass
(3.05)
12.017 8.000 24.000 Pass 0.600 N/A N/A 45.380 129.453 Pass
(2.85)
17.247 8.000 24.000 Pass 0.600 N/A N/A 35.118 129.453 Pass
(3.69)
(0.3Ls) 17.525 8.000 24.000 Pass 0.600 N/A N/A 34.592 129.453 Pass
(3.74)
22.017 12.000 24.000 Pass 0.400 N/A N/A 26.346 118.653 Pass
(4.50)
23.228 12.000 24.000 Pass 0.400 N/A N/A 24.203 118.653 Pass
(4.90)
(0.4Ls) 23.367 12.000 24.000 Pass 0.400 N/A N/A 23.960 118.653 Pass
(4.95)
(HP) 24.208 12.000 24.000 Pass 0.400 N/A N/A 22.492 118.653 Pass
(5.28)
(0.5Ls) 29.208 12.000 24.000 Pass 0.400 N/A N/A 14.432 118.653 Pass
(8.22)
(HP) 34.208 12.000 24.000 Pass 0.400 N/A N/A 22.492 118.653 Pass
(5.28)
(0.6Ls) 35.050 12.000 24.000 Pass 0.400 N/A N/A 23.960 118.653 Pass
(4.95)
35.189 12.000 24.000 Pass 0.400 N/A N/A 24.203 118.653 Pass
(4.90)
36.400 12.000 24.000 Pass 0.400 N/A N/A 26.346 118.653 Pass
(4.50)
(0.7Ls) 40.892 8.000 24.000 Pass 0.600 N/A N/A 34.592 129.453 Pass
(3.74)
41.170 8.000 24.000 Pass 0.600 N/A N/A 35.118 129.453 Pass
(3.69)
46.400 8.000 24.000 Pass 0.600 N/A N/A 45.380 129.453 Pass
(2.85)
(0.8Ls) 46.734 6.000 24.000 Pass 0.800 N/A N/A 46.058 140.253 Pass
(3.05)
47.150 6.000 24.000 Pass 0.800 N/A N/A 46.910 140.253 Pass
(2.99)
Location from
Left Support
(ft)
5.8.4.2 5.8.4.4 5.8.4.1
s
(in)
smax
(in)
Status avf
(in2/ft)
avf min
(in2/ft)
Status |vui|
(kip/ft)
?vni
(kip/ft)
Status
(?vni/|vui|)
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Longitudinal Reinforcement for Shear Check - Strength I [5.8.3.5]
52.358 6.000 24.000 Pass 0.800 N/A N/A 57.958 140.253 Pass
(2.42)
(0.9Ls) 52.575 6.000 24.000 Pass 0.800 N/A N/A 58.435 140.253 Pass
(2.40)
53.131 6.000 24.000 Pass 0.800 N/A N/A 59.663 140.253 Pass
(2.35)
(1.5H) 54.375 6.000 24.000 Pass 0.800 N/A N/A 62.446 140.253 Pass
(2.25)
(CS) 55.528 6.000 24.000 Pass 0.800 N/A N/A 65.066 140.253 Pass
(2.16)
Location from
Left Support
(ft)
5.8.4.2 5.8.4.4 5.8.4.1
s
(in)
smax
(in)
Status avf
(in2/ft)
avf min
(in2/ft)
Status |vui|
(kip/ft)
?vni
(kip/ft)
Status
(?vni/|vui|)
(FoS) 0.542 1239.57 177.67 5.8.3.5-2 Pass
(6.98)
1.639 1309.73 177.67 5.8.3.5-2 Pass
(7.37)
2.017 1335.42 177.67 5.8.3.5-2 Pass
(7.52)
(PSXFR) 2.306 1354.98 177.67 5.8.3.5-2 Pass
(7.63)
(H) 2.875 1466.40 177.67 5.8.3.5-2 Pass
(8.25)
(CS) 2.915 1466.90 177.67 5.8.3.5-2 Pass
(8.26)
(1.5H) 4.042 1481.09 481.67 5.8.3.5-1 Pass
(3.07)
5.286 1496.70 559.31 5.8.3.5-1 Pass
(2.68)
(0.1Ls) 5.842 1611.04 602.43 5.8.3.5-1 Pass
(2.67)
6.059 1613.94 615.41 5.8.3.5-1 Pass
(2.62)
11.267 1795.02 895.87 5.8.3.5-1 Pass
(2.00)
(0.2Ls) 11.683 1800.20 913.08 5.8.3.5-1 Pass
(1.97)
12.017 1800.52 930.59 5.8.3.5-1 Pass
(1.93)
Location from
Left Support
(ft)
Capacity
(kip)
Demand
(kip)
Equation Status
(C/D)
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17.247 1804.30 1075.95 5.8.3.5-1 Pass
(1.68)
(0.3Ls) 17.525 1804.45 1081.27 5.8.3.5-1 Pass
(1.67)
22.017 1806.59 1143.35 5.8.3.5-1 Pass
(1.58)
23.228 1807.08 1151.20 5.8.3.5-1 Pass
(1.57)
(0.4Ls) 23.367 1807.13 1151.80 5.8.3.5-1 Pass
(1.57)
(HP) 24.208 1807.45 1154.12 5.8.3.5-1 Pass
(1.57)
(0.5Ls) 29.208 1807.53 1168.24 5.8.3.5-1 Pass
(1.55)
(HP) 34.208 1807.45 1154.12 5.8.3.5-1 Pass
(1.57)
(0.6Ls) 35.050 1807.13 1151.80 5.8.3.5-1 Pass
(1.57)
35.189 1807.08 1151.20 5.8.3.5-1 Pass
(1.57)
36.400 1806.59 1143.35 5.8.3.5-1 Pass
(1.58)
(0.7Ls) 40.892 1804.45 1081.27 5.8.3.5-1 Pass
(1.67)
41.170 1804.30 1075.95 5.8.3.5-1 Pass
(1.68)
46.400 1800.52 930.59 5.8.3.5-1 Pass
(1.93)
(0.8Ls) 46.734 1800.20 913.08 5.8.3.5-1 Pass
(1.97)
47.150 1773.86 896.49 5.8.3.5-1 Pass
(1.98)
52.358 1312.05 620.48 5.8.3.5-1 Pass
(2.11)
(0.9Ls) 52.575 1297.45 607.60 5.8.3.5-1 Pass
(2.14)
53.131 1176.10 561.65 5.8.3.5-1 Pass
(2.09)
(1.5H) 54.375 1098.08 483.99 5.8.3.5-1 Pass
(2.27)
(CS) 55.528 1025.81 177.48 5.8.3.5-2 Pass
(5.78)
(H) 55.542 1024.95 177.48 5.8.3.5-2 Pass
(5.78)
(PSXFR) 56.111 918.58 177.48 5.8.3.5-2 Pass
(5.18)
56.400 833.68 177.48 5.8.3.5-2 Pass
(4.70)
56.778 719.06 177.48 5.8.3.5-2 Pass
Location from
Left Support
(ft)
Capacity
(kip)
Demand
(kip)
Equation Status
(C/D)
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Longitudinal Reinforcement for Shear Check - Strength II [5.8.3.5]
(4.05)
(FoS) 57.875 383.79 177.48 5.8.3.5-2 Pass
(2.16)
Location from
Left Support
(ft)
Capacity
(kip)
Demand
(kip)
Equation Status
(C/D)
(FoS) 0.542 1239.57 121.63 5.8.3.5-2 Pass
(10+)
1.639 1309.73 121.63 5.8.3.5-2 Pass
(10+)
2.017 1335.42 121.63 5.8.3.5-2 Pass
(10+)
(PSXFR) 2.306 1354.98 121.63 5.8.3.5-2 Pass
(10+)
(H) 2.875 1466.40 121.63 5.8.3.5-2 Pass
(10+)
(CS) 2.915 1466.90 121.63 5.8.3.5-2 Pass
(10+)
(1.5H) 4.042 1481.09 343.09 5.8.3.5-1 Pass
(4.32)
5.286 1496.70 399.61 5.8.3.5-1 Pass
(3.75)
(0.1Ls) 5.842 1611.04 431.01 5.8.3.5-1 Pass
(3.74)
6.059 1613.94 440.47 5.8.3.5-1 Pass
(3.66)
11.267 1795.02 645.46 5.8.3.5-1 Pass
(2.78)
(0.2Ls) 11.683 1800.20 658.10 5.8.3.5-1 Pass
(2.74)
12.017 1800.52 667.55 5.8.3.5-1 Pass
(2.70)
17.247 1804.30 778.78 5.8.3.5-1 Pass
(2.32)
(0.3Ls) 17.525 1804.45 782.79 5.8.3.5-1 Pass
(2.31)
22.017 1806.59 828.93 5.8.3.5-1 Pass
(2.18)
23.228 1807.08 834.69 5.8.3.5-1 Pass
(2.16)
Location from
Left Support
(ft)
Capacity
(kip)
Demand
(kip)
Equation Status
(C/D)
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(0.4Ls) 23.367 1807.13 835.14 5.8.3.5-1 Pass
(2.16)
(HP) 24.208 1807.45 836.92 5.8.3.5-1 Pass
(2.16)
(0.5Ls) 29.208 1807.53 855.22 5.8.3.5-1 Pass
(2.11)
(HP) 34.208 1807.45 836.92 5.8.3.5-1 Pass
(2.16)
(0.6Ls) 35.050 1807.13 835.14 5.8.3.5-1 Pass
(2.16)
35.189 1807.08 834.69 5.8.3.5-1 Pass
(2.16)
36.400 1806.59 828.93 5.8.3.5-1 Pass
(2.18)
(0.7Ls) 40.892 1804.45 782.79 5.8.3.5-1 Pass
(2.31)
41.170 1804.30 778.78 5.8.3.5-1 Pass
(2.32)
46.400 1800.52 667.55 5.8.3.5-1 Pass
(2.70)
(0.8Ls) 46.734 1800.20 658.10 5.8.3.5-1 Pass
(2.74)
47.150 1773.86 645.91 5.8.3.5-1 Pass
(2.75)
52.358 1312.05 444.19 5.8.3.5-1 Pass
(2.95)
(0.9Ls) 52.575 1297.45 434.80 5.8.3.5-1 Pass
(2.98)
53.131 1176.10 401.34 5.8.3.5-1 Pass
(2.93)
(1.5H) 54.375 1098.08 344.80 5.8.3.5-1 Pass
(3.18)
(CS) 55.528 1025.81 121.74 5.8.3.5-2 Pass
(8.43)
(H) 55.542 1024.95 121.74 5.8.3.5-2 Pass
(8.42)
(PSXFR) 56.111 918.58 121.74 5.8.3.5-2 Pass
(7.55)
56.400 833.68 121.74 5.8.3.5-2 Pass
(6.85)
56.778 719.06 121.74 5.8.3.5-2 Pass
(5.91)
(FoS) 57.875 383.79 121.74 5.8.3.5-2 Pass
(3.15)
Location from
Left Support
(ft)
Capacity
(kip)
Demand
(kip)
Equation Status
(C/D)
Stirrup Detailing Check [5.8.2.5, 5.8.2.7, 5.10.3.1.2]
Location from
Left Support
(ft)
Bar Size S
(in)
Smax
(in)
Smin
(in)
Av/S
(in2/ft)
Av/Smin
(in2/ft)
Status
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(0.0Ls) 0.000 #4 3.000 23.237 2.495 1.600 0.129 Pass
(FoS) 0.542 #4 3.000 23.236 2.495 1.600 0.129 Pass
1.639 #4 3.000 23.236 2.495 1.600 0.129 Pass
2.017 #4 6.000 23.236 2.495 0.800 0.129 Pass
(PSXFR) 2.306 #4 6.000 23.236 2.495 0.800 0.129 Pass
(H) 2.875 #4 6.000 22.780 2.495 0.800 0.129 Pass
(CS) 2.915 #4 6.000 22.779 2.495 0.800 0.129 Pass
(1.5H) 4.042 #4 6.000 22.773 2.495 0.800 0.129 Pass
5.286 #4 6.000 22.771 2.495 0.800 0.129 Pass
(0.1Ls) 5.842 #4 6.000 22.288 2.495 0.800 0.129 Pass
6.059 #4 6.000 22.288 2.495 0.800 0.129 Pass
11.267 #4 6.000 21.915 2.495 0.800 0.129 Pass
(0.2Ls) 11.683 #4 6.000 21.937 2.495 0.800 0.129 Pass
12.017 #4 8.000 21.968 2.495 0.600 0.129 Pass
17.247 #4 8.000 22.461 2.495 0.600 0.129 Pass
(0.3Ls) 17.525 #4 8.000 22.487 2.495 0.600 0.129 Pass
22.017 #4 12.000 22.920 2.495 0.400 0.129 Pass
23.228 #4 12.000 23.037 2.495 0.400 0.129 Pass
(0.4Ls) 23.367 #4 12.000 23.051 2.495 0.400 0.129 Pass
(HP) 24.208 #4 12.000 23.132 2.495 0.400 0.129 Pass
(0.5Ls) 29.208 #4 12.000 23.132 2.495 0.400 0.129 Pass
(HP) 34.208 #4 12.000 23.132 2.495 0.400 0.129 Pass
(0.6Ls) 35.050 #4 12.000 23.051 2.495 0.400 0.129 Pass
35.189 #4 12.000 23.037 2.495 0.400 0.129 Pass
36.400 #4 12.000 22.920 2.495 0.400 0.129 Pass
(0.7Ls) 40.892 #4 8.000 22.487 2.495 0.600 0.129 Pass
41.170 #4 8.000 22.461 2.495 0.600 0.129 Pass
46.400 #4 8.000 21.968 2.495 0.600 0.129 Pass
(0.8Ls) 46.734 #4 6.000 21.937 2.495 0.800 0.129 Pass
47.150 #4 6.000 21.898 2.495 0.800 0.129 Pass
52.358 #4 6.000 22.031 2.495 0.800 0.129 Pass
(0.9Ls) 52.575 #4 6.000 22.017 2.495 0.800 0.129 Pass
53.131 #4 6.000 22.613 2.495 0.800 0.129 Pass
(1.5H) 54.375 #4 6.000 22.570 2.495 0.800 0.129 Pass
(CS) 55.528 #4 6.000 22.531 2.495 0.800 0.129 Pass
(H) 55.542 #4 6.000 22.530 2.495 0.800 0.129 Pass
(PSXFR) 56.111 #4 6.000 23.237 2.495 0.800 0.129 Pass
56.400 #4 6.000 23.236 2.495 0.800 0.129 Pass
Location from
Left Support
(ft)
Bar Size S
(in)
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56.778 #4 3.000 23.234 2.495 1.600 0.129 Pass
(FoS) 57.875 #4 3.000 23.234 2.495 1.600 0.129 Pass
(1.0Ls) 58.417 #4 3.000 23.234 2.495 1.600 0.129 Pass
Location from
Left Support
(ft)
Bar Size S
(in)
Smax
(in)
Smin
(in)
Av/S
(in2/ft)
Av/Smin
(in2/ft)
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